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STRAIGHT LINE 


KEY CONCEPTS | 


1. Distance Formula 


The distance between the points (Ax), y;) and B(x9, y2) is Nien Ay, — ye 


2. Section Formula 
If P(x, y) divides the line joining A(x,, y,) and B(x, y) in the ratio m : n, then 
LS wala my 2 TY 


x =———— 35 JF 
m+n m+n 


If — is positive, the division is internal, but if — is negative, the division is external. 
n n 


Note: /f P divides AB internally in the ratio m :n and Q divides AB externally in the ratiom :n, then P and Q 
are said to be harmonic conjugate to each other w.r.t. AB. 
1 1 


Mathematically; 2 = —— + —— i.e., AP AB and AQ are in H.P 
AB AP AQ 


3. Centroid and Incentre 
If A(x1, ¥1), B(x, ¥2),C(X3, ¥3) are the vertices of triangle ABC, whose sides BC, CA, AB are of 


; : : X, + xX2+x 
lengths a, b, c respectively, then the coordinates of the centroid are: ( 1 23 vit Ya 3) 


3 3 


ax, + bx2g+ x3 ay, + byn+ 3 
atb+c ° a+b+te 


and the coordinates of the incentre are: 
Note that incentre divides the angle bisectors in the ratio 
(b+ c):a@ (c+ a):band (a+ b):c. 


REMEMBER: 
(i) Orthocentre, centroid and circumcentre are always collinear and centroid divides the 
line joining orthocentre and circumcentre in the ratio 2: 1. 
(ii) In an isosceles triangle G,O, I and C lie on the same line. 
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4. Slope Formula 


If 6 is the angle at which a straight line is inclined to the positive direction of x-axis, and 
0°<6< 180°,6 #90°, then the slope of the line, denoted by m, is defined by m = tan 9. If 8 is 90°, m 
does not exist, but the line is parallel to the y-axis. 

If 6 =O, then m = 0 and the line is parallel to the x-axis. 

If A(xy, ¥,) and B(x, yz), xX, # Xo, are points on a straight line, then the slope m of the line is given 


oe -(2=22] 
Xx, — X2 


5. Condition of Collinearity of Three Points-(Slope Form) 


Points A(x,, 71), B(x2, ¥2),C(x3, y3) are collinear (2 = 22) -(2 — zs) 
UTD X2— X3 


. Equation of a Straight line in Various Forms 


(i) Slope-intercept form: y = mx +c is the equation of a straight line whose slope is m and 
which makes an intercept c on the y-axis. 

(ii) Slope one point form: y — y, =m(x — x,) is the equation of a straight line whose slope is m 
and which passes through the point (x,, y;) 

(iii) Parametric form: The equation of the line in parametric form is given by 
x — 4 Ae 

cos 0 sin 8 

fixed point (x,, y,) on the line. r is positive if the point (x, y) is on the right of (x,, y,) and 


=r (say). Where ‘r’ is the distance of any point (x, y) on the line from the 


negative if (x, y) lies on the left of (x1, yj). 

yo7 V1 (x — x,) is the equation of a straight line which passes 
x2 — XY 

through the points (x1, y;) and (x9, ya). 


(v) Intercept form: cae - 
a 


(iv) Two point form: y - y, = 


= lis the equation of a straight line which makes intercepts a and b 


on OX and OY respectively. 

(vi) Perpendicular form: xcosa + ysina =p is the equation of the straight line where the 
length of the perpendicular from the origin O on the line is p and this perpendicular makes 
angle a with positive side of x-axis. 

(vii) General Form: ax + by + c =0 is the equation of a straight line in the general form. 


7. Position of The Point (x, + y,) Relative to the Line ax + by +c=0 


If ax, + by, + cis of the same sign as c, then the point (x1, y,) lie on the origin side of ax + by +c =0. 
But if the sign of ax, + by, + cis opposite to that ofc, the point (x1, y;) will lie on the non-origin side 
of ax + by +c=0. 


10. 


11. 


12. 


13. 


Straight Line 3 
8. 


The Ratio in Which A Given Line Divides the Line Segment Joining Two Points 

Let the given line ax + by + c =0 divide the line segment joining A(x,, y;) and B(xg, y2) in the ratio 

m:n, then Cea bys © If A and B are on the same side of the given line then mM is negative 
n aX + byyg +c n 


but if A and B are on opposite sides of the given line, then — is positive. 
n 


. Length of Perpendicular From a Point on A line 


ax, + by, +¢ 


The length of perpendicular from P(x,, y,;) on ax + by +c =0 is = 
a+b 


Angle Between Two Straight Lines in Terms of Their Slopes 
If m, and mz, are the slopes of two intersecting straight lines (m,m, # —1) and 0 is the acute angle 


m,—-m 
between them, then tan 6 |—_1__2.. 


Note: Let m,,m.,mz are the slopes of three lines L, =0;L =0;L3 =0 where m, >my >mz then the interior 
angles of the A ABC found by these lines are given by, 
tan A ==". . tan Bp =_™2—™3 andtanc = “3 —™ 
1+mmy 1+mymz 1+mz3m, 
Parallel Lines 
(i) When two straight lines are parallel their slopes are equal. Thus any line parallel to 
ax + by + c=0 is of the type ax + by + k =0. Where k is a parameter. 

(ii) The distance between two parallel lines with equations ax + by + c, =O and ax + by + cy =Ois 
i 
va" + b? 
Note that the coefficients of x and y in both the equations must be same. 


(iii) The area of the parallelogram = ae where p, and ps are distances between two pairs of 


sin 

opposite sides and 0 is the angle between any two adjacent sides. Note that area of the 

parallelogram bounded by the lines Y =MX + Cy, Y =M4X + Co and 

(cy — C9) (dy = dg) 
pet] =e) 


Y =Mox + dy, Y =Myx + dy is given by 


Perpendicular Lines 

(i) When two lines of slopes m, and m, are at right angles, the product of their slopes is —-1, Le., 
m My =—1.Thus any line perpendicular to ax + by + c =0 is of the form bx — ay + k =0, where 
k is any parameter. 

(ii) Straight lines ax + by +c =Oanda'x + b'y + c'=Oareat right angles if and only if aa'+bb'= 0. 

Equations of straight lines through (x,,y,) making angle a with y = mx + c are 

(y — y,) =tan(0 —-a)(x — x,) and (y — y,) =tan(0 + «)(x — x,), where tan 0 =m. 
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15. 


16. 


17. 


18. 


. Condition of Concurrency 


Three lines ax+b)y+c, =0, agx+boy+co=0 and a3x+b3y+cz3=0 are concurrent if 


a bh Y 
dy by co|=0. Alternatively: If three constants A,B and C can be found such that 
a, bg Cg 


A(a,x + byy + cy) + Blagx + boy + Cg) + C(agx + b3y +c3)=0, then the three straight lines are 
concurrent. 
Area of A Triangle 


xy yi 1 
If (x;, y;),i = 12,3 are the vertices of a triangle, then its area is equal to 2 Xo Yo 1 


x3 y3 1 
vertices are considered in the counter clockwise sense. The above formula will give a (-) ve are a if 
the vertices (x;, y;),i = 12,3 are placed in the clockwise sense. 

Condition of Collinearity of Three Points-(Area Form) 

4% yi 
x2 Y2 1 
x3 y3 1 
The Equation of A Family of Straight Lines Passing Through The Points of Intersection 
of Two Given Lines 

The equation of a family of lines passing through the point of intersection of a,x + bj y +c; =O and 
Ayx + boy + Co =0 is given by (a,x + byy + cy) + k(aox + boy + cy) =0, where k is an arbitrary real 


, provided the 


The points (x;, y;),1 =1,2,3 are collinear if 


number. 


Note: [fu, =ax+by+cu, =a x+b yt+d,u3 =ax+by+c ,uz,=a'xt+b y+d 


then, u, =0; uy =0; uz =0; uy =0 form a parallelogram 


UgU3 —UyU4 =O represents the diagonal BD. 


Proof: Since it is the first degree equation in x and y therefore it is a straight line. Secondly point B 
satisfies the equation because the co-ordinates of B satisfy u,=0 and u, =0. 

Similarly for the point D. Hence the result. 

On the similar lines ujuy —ugu4 = 0 represents the diagonal AC. 


Note: The diagonal AC is also given by uy, +Au, =0 and uz +pU3 =O, if the two equations are identical for 
some A. and w. 


[For getting the values of } and 1 compare the coefficients of x,y and the constant terms.] 


Bisectors of The Angles Between Two Lines 


(i) Equations of the bisectors of angles between the lines ax + by +c =O anddx+by+c'=0 
axtbyt+c_,ax+bytec 


(ii) To discriminate between the acute angle bisector and the obtuse angle bisector 
If 6 be the angle between one of the lines and one of the bisectors, find tan 0. 
If |tan 6|< 1, then 20 < 90° so that this bisector is the acute angle bisector. 
If|tan 6|> 1, then we get the bisector to be the obtuse angle bisector. 


(ab! # a'b) are: 


Straight Line 5 


(iii) To discriminate between the bisector of the angle containing the origin and that of the angle 


(iv) 


(v) 


not containing the origin. Rewrite the equations, ax + by + c=0 and 


ax + b'y +c'=0 such that the constant terms c,c' are positive. Then; 


ax + by +c adx+bys+c ., : é a 
y =4 y gives the equation of the bisector of the angle containing the 


ax+by+c ax+by+c 
containing the origin. 

To discriminate between acute angle bisector and obtuse angle bisector proceed as follows, 
write ax + by +c =0 anda’x + b' y + c'=0 such that constant terms are positive. 


If ad'+bb'< 0, then the angle between the lines that contains the origin is acute and the 


: ‘ ; . ax+by +c dx+by+c' 
equation of the bisector of this acute angle is ih =4 “ 


lq + b2 [q'24.p'2 


is the equation of other bisector. 


origin and gives the equation of the bisector of the angle not 


ax+by+c axt+by+tc' 
lata: Be [24 p2 
If, however, ad'+bb'> 0, then the angle between the lines that contains the origin is obtuse and 


the equation of the bisector of this obtuse angle is: 
ax+by+c axt+by+c ax+by+c ax+by+c 


[2 ee [a2+.b2 [a2 4. ba [24.52 


other bisector. 
Another way of identifying an acute and obtuse angle bisector is 
as follows: 


Therefore 


; therefore 


is the equation of 


L,=0 
Let L, =O and Ly =0 are the given lines and u, =0 and uy =0 : 
are the bisectors between L,; =0 and L, =0. Take a point P on 

any one of the lines L; = 0 or L, =0 and drop perpendicular on 

u, = 0 and wy = 0 as shown. If, ” 

| pl<|q/=> u, is the acute angle bisector. a p= 


ate =0 


| p|>| q/=> u, is the obtuse angle bisector. 
| p| | ql=> the lines L; and L. are perpendicular. 


Note: Equation of straight lines passing through P(x, y,) and equally inclined with the lines 


ax+by+q =Oand a,x +byy +c. =O are those which are parallel to the bisectors between these two 
lines and passing through the point P 


19. A Pair of Straight Lines Through Origin 


(i) 


A homogeneous equation of degree two of the type ax? + 2hxy + by? =0 always represents a 
pair of straight lines passing through the origin and if: 

(a) h*> ab = lines are real and distinct. 

(b) h? = ab = lines are coincident. 

(c) h?< ab= lines are imaginary with real point of intersection i.e., (0, 0) 


20. 


21. 


22. 


23. 


24. 


25. 
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(ii) If y=m,x and y =mpx be the two equations represented by ax” + 2hxy + by” =0, then; 
m,+m a aaa in my =— 
1 2= > wha 
(iii) If is the acute angle between the pair of straight lines represented by, 


2Vh? —ab 


then; tan 0 = 
a+b 


The condition that these lines are: 

(a) At right angles to each other is a+ b =0.i.e., coefficient of x” + coefficient of y? =0. 
(b) Coincident is h? = ab. 

(c) Equally inclined to the axis of x ish =0.1e., coefficient of xy =0. 


Note: A homogeneous equation of degree n represents n straight lines passing through origin. 


General Equation of Second Degree Representing A Pair Of Straight Lines 
(i) ax” + 2hxy + by” + 2gx + 2fy + c=0 represents a pair of straight lines if: 


ah g 
abe + 2fgh — af? — bg? — ch” =0, i.e, if|h b f/=0 
g fic 


(ii) The angle 0 between the two lines representing by a general equation is the same as that 
between the two lines represented by its homogeneous part only. 

The joint equation of a pair of straight lines joining origin to the points of intersection of the line 

given by 


k+my+n=0 swan (1) 
and 2nd degree curve: ax” + 2hxy + by? + 2gx + 2fy +c =0 .. Gi) 
k+m k+m ke +my\* 
is ax* + 2hxy + by? 4 2ex( ») 25y( 4 e( 3 =0 ... iii) 
—n —n —n 


me my) 


(iii) is obtained by homogenizing (ii) with the help of (i), by writing (i) in the form: ( 


The equation to the straight lines bisecting the angle between the straight lines, 


2 
ax? + 2hxy + by? =0 is ~ Ss 

a-b h 
The product of the perpendiculars, dropped from (x,, y,) to the pair of lines represented by the 


ax? + 2hx,y, + by? 


(a =e An 


Any second degree curve through the four point of intersection of f(xy) =0 and xy =0 is given by 
foxy) + dxy =0 where f(xy) =0 is also a second degree curve. 
Reflection of a Point About Line 
(i) Foot of the perpendicular from a point (x,, y,) on the line is 
X-Xy Y-JY, _ ax, t+ by, +c 
a be eae 


equation, ax” + 2hxy + by” =0 is 


Straight Line 7 


(ii) The image of a point (xj, y,) about the line ax + by +c =0 
X-xX; Y-yy ax, + by; +c 
— = 2. 
a b B+ Db 


y | 


If the lines joining a point O to the vertices of AABC meet the opposite sides in D, E,F respectively, 
then 


26. Cevas Theorem 


27. Menelaus Theorem 


If points D, E,F on the sides BC, CA and AB (suitably extended) of AABC are collinear then 
BD CE AF 


DC EFA FB 


Note: Either all 3 points lie on the extended line segments or one lies on the extended line and the other two 
within the line segments. 
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EXERCISE (1) 


Only One Choice is Correct: 


1. 


If the straight lines joining the origin and the points of intersection of the curve 
5x? +12xy -6y? + 4x —-2y +3 =0 and x+ky -1=0 are equally inclined to the x-axis then 
the value of kis: 

(a) 1 (b)e8 

(c) 2 (d) 3 


. Drawn from the origin are two mutually perpendicular straight lines forming an isosceles 


together with the straight line, 2x + y =a. Then the area of triangle is : 


a? ac 
a2 


(c) fe (d) None 


. Equation of bisector of the angle between two lines 3x -4y+12=0 and 12x-5y+7=0 


which contains point (—1, 4) in its region is : 


(a) 21x +27y -121=0 (b) 21x -27y +121=0 
(c) 21x +27y +191=0 (d) SUS eee 


. The point (a2,a+1) lies in the angle between the lines 3x-—y+1=0 and x+2y-5=0 
containing the origin if : 
(a) ac(-3,0)U2.1| (b) ae(-3)U[ 3.1 
1 1 
-3,- d =. 
(c) ac 2) (d) ae{ 3 »| 


. Aray of light through (2,1) is reflected at a pint A on the y-axis and then passes through the 


point (5,3). Then co-ordinates of A are : 


11 5 
11 3 
© (0.5) @ (05) 


. The combined equation of the pair of lines through (3,-2) and parallel to the lines 


x? —4xy +3y? =Ois: 
(a) x7 -4xy +3y* -14x-24y -—45=0 (b) x7 4+ 4xy +3y7 +14x-24y -45=0 
(c) x? -4xy+3y* -14x+24y + 45=0 (d) x? 4+ 4xy-3y? -14x + 24y + 45=0 


Straight Line 9 


7. 


10. 


11. 


12. 


13. 


14. 


15. 


If (—2,6) is the image of the point (4,2) with respect to the line L =0, then L is equal to : 
(a) 3x-2y+11=0 (b) 2x-3y +11=0 
(c) 3x -2y+5=0 (d) 6x-4y+1=0 


. Aman starts from the point P(—3, 4) and reaches point Q (0,1) touching x axis at R such that 


PR + RQ is minimum, then the point R is : 
(a) (3/5,0) (b) (-3/5,0) 
(ce) (=2/5,0) (d) (-2,0) 


. The equation of line segment AB is y = x. If A& B lie on same side of line mirror 2x — y =1, then 


the equation of image of AB with respect to line mirror 2x — y = lis: 


(a) y=7x-5 (b) y=7x-6 

(c) y=3x-7 (d) y=6x-5 

——— = fe + {£ where a,b,c >0,then family of lines Jax+ Vb y +Jc=0 passes through 
bc c Vb 

the point: 

(a) (1,D (b) (1,-4) 

f) (-1,2) (d) (-18) 

The perpendicular distance p,,p>,p3 of points (a”,2a),(ab,a + b),(b*,2b) respectively from 

straight line x + ytan6 + tan? 6 =O are in: 

(a) AP (b) GP 

(c) HP (d) AGP 

ABC is a variable triangle such that A is (1,2) B andC lie on y = x +A (where is variable), then 

locus of the orthocentre of triangle ABC is : 

(a) (x-1)* +y? =4 (b) x+ y=3 

(c) 2x-y=0 (d) x+2y=0 

The line 2x + y = 4 meet x-axis at A and y-axis at B. The perpendicular bisector of AB meets the 


horizontal line through (0, - 1) at C. Let G be the centroid of AABC. The perpendicular distance 
from G to AB equals 


(a) V5 (b) 2 
(c) 2V5 (d) 35 
Let ABC be a triangle. Let A be the point (1,2), y =x is the perpendicular bisector of AB and 


x —2y +1=0 is the angle bisector of angle C. If the equation of BC is given by ax + by -5=0, 
then the value of a + bis: 


(a) 1 (b) 2 
(c) 3 (d) 4 
I(1,0) is the centre of in circle of triangle ABC, the equation of BI is x — 1=0 and equation of CI 


is x — y-1=0, then angle BAC is : 


10 


16. 


17. 


18. 


19. 


20. 
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T T 
a) — b) — 
(a) 4 (b) - 
™ 21 
¢) = d) — 
(c) (d) 
If the points where the lines 3x -2y —-12 =0 and x + ky +3 =0 intersect both the coordinate 
axes are concyclic, then number of possible real values of k is : 
(a) 1 (b) 2 
cols (d) 4 
In the figure shown, OABC is a rectangle with dimensions OA =3 units and OC = 4 units. If 


AD =1.5 units then slope of diagonal OB will be : 


: z 


1 V2 

N b) 
- ©) Ae 

1 1 
(c) 2 (d) 3 


Ina AABC, the equations of right bisectors of sides AB and CA are3x + 4y =20 and8x + 6y =65 
respectively. If the vertex A be (10,10), then the area of AABC will be : 


(a) 14 (b) 21 
(c) 42 (d) 63 
The least area of a quadrilateral with integral coordinates is : 


(a) (b) 1 


(c) (d) 2 


NM) w NM| HR 


In the adjacent figure AABC is right angled at B. If AB = 4 and BC =3 and 
side AC slides along the coordinate axes in such a way that ‘B’ always 
remains in the first quadrant, then B always lie on straight line : 


(a) y=x (b) 3y =4x 
(c) 4y =3x (d) x+y=0 
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21. 


22. 


23. 


24. 


25. 


26. 


27. 


If the line y = x is one of the angle bisector of the pair of lines ax* + 2hxy + by? =0, then : 
(a) a+b=0 (b) a—b=0 

(c) h=0 (d) a+2b=0 

Adjacent figure represents a equilateral triangle ABC of side length 2 units. Locus of vertex C as 


the side AB slides along the coordinate axes is : 


(a) x7 + y* —-xy+1=0 (b) x7 + y7 + xyv3 =1 
(c) x? 4+ y7 =14 x73 (d) x7 + y7 -xyv¥3 +1=0 
Vertices of a variable triangle are (3,4), (5cos0,5sin 0) and (5sin 0,-5cos 0) where 0 € R, then 
locus of its orthocenter is : 
(a) (x+ y-1)? +(x-y-7)? =100 (b) (x + y-7)? +(x-y-1)? =100 
©) (x+y 7) $x + y- 1)? =100 (d) (x4 y 7)? +(e- y + D7 =100 
Consider the triangle OAB where O =(0,0), B(3, 4). If orthocenter of triangle is H(1, 4), then 
coordinates of‘ A is: 
15 17 
o [ oo 
21 19 
» 03) a fo 
On the portion of the straight line, x +2y =4 intercepted between the axes, a square is 


constructed on the side of the line away from the origin. Then the point of intersection of its 
diagonals has co-ordinates : 


(a) (2,3) (b) (3,2) 

(c) (3,3) (d) (2,2) 

Through a point A on the x-axis a straight line is drawn parallel to y-axis so as to meet the pair 
of straight lines ax? + 2hxy + by* =O in B and C. If AB = BC then: 

(a) h? =4ab (b) 8h* =9ab 

(c) 9h? =8ab (d) 4h* =ab 

Suppose that a ray of light leaves the point (3,4), reflects off the y-axis towards the x-axis, 
reflects off the x-axis, and finally arrives at the point (8,2). The value of x, is : 


12 


28. 


29. 


30. 


31. 


32. 
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1 
(a) nae 


2 
(c) ae ts 


Given a triangle whose vertices are at (0,0),(4,4) and (10,0). A square is drawn in it such that 
its base is on the x-axis and its two corners are on the 2 sides of the triangle. The area of the 
square is equal to : 


400 400 
stems be 
ce 49 25 
625 625 
eee dy. 222. 
{°) 16 49 


A,B and C are points in the xy-plane such that A(1,2);B(5,6) and AC =3BC. Then : 
(a) ABC is a unique triangle 

(b) There can be only two such triangles. 

(c) No such triangle is possible 

(d) There can be infinite number of such triangles. 


A ray of light passing through the point A (1,2) is reflected at a point B on the x-axis and then 
passes through (5,3). Then the equation of AB is: 


(a) 5x+4y =13 (b) 5x-4y =-3 
(c) 4x+5y =14 (d) 4x -5y =-6 
Vertices of a parallelogram ABCD are A(3,1),B(13,6),C(13,21) and D(3, 16). If a line passing 


through the origin divides the parallelogram into two congruent parts then the slope of the line 


11 11 
faa iy) al 
(a) oi (b) A 
25 13 
ec) — d) — 
(c) 7 (d) "i 
If the vertices P and Q of a triangle PQR are given by (2,5) and (4,—11) respectively, and the 


point R moves along the line N: 9x + 7y + 4=0, then the locus of the centroid of the triangle 
PQR is a straight line parallel to : 

(a) PQ (b) QR 

(c) RP (d) N 
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33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


In a triangle ABC, if A(2,-1) and 7x -10y + 1=0 and 3x -2y +5=0 are equations of an 
altitude and an angle bisector respectively drawn from B, then equation of BC is : 


(a) x+y+1=0 (b) 5x+y+17=0 
(c) 4x+9y+30=0 (d) x-5Sy -7=0 
The image of the pair of lines represented by ax” + 2h xy + by? =O by the line mirror y =Ois: 


(a) ax” —2hxy - by? =0 
(b) bx” —2hxy + ay? =0 
(c) bx? + 2hxy + ay* =0 
(d) ax? —2hxy + by? =0 


In an isosceles right angled triangle, a straight line drawn from the mid-point of one of equal 
sides to the opposite angle. It divides the angle into two parts, 0 and (x/4 — 0). Then tan and 
tan[(1/4) — 9] are equal to : 


11 11 
—,— b => 

(a) 58 (b) aa 

(c) as (d) None of these 
5°6 


point : 


The orthocentre of a triangle whose vertices are (0,0),(V3 ,0) and (0, V6) is : 
(a) (2,D) (b) (3,2) 
(cme 4, 1) (d) None of these 


If the line y =mx meets the lines x + 2y -1=0 and 2x -— y + 3 =0 at the same point, then m is 
equal to : 

(a) 1 1) gl 

(c) 2 (d) -2 

The distance of any point (x,y) from the origin is defined as d=max{|x|,|_y|}, then the 
distance of the common point for the family of lines x(1+A)+Ay+2+2=0 (A being 
parameter) from origin is : 


(a) 1 (b) 2 
(c) V5 (d) 0 
Let ax + by + c=0 be a variable straight line, where a,band care 1™ ,3 td and7" terms of some 


increasing A.P Then the variable straight line always passes through a fixed point which lies on: 
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41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 
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(a) x7 4 y? =13 (b) x74 y%=5 
(c) y?2 =9x (d) 3x+4y =9 


Area of the triangle formed by the line x + y =3 and angle bisector of the pair of straight lines 
x? ae +2y—-1=Ois: 

(a) 2 sq. units (b) 4 sq. units 

(c) 6sq. units (d) 8 sq. units 


The number of integral values of m, for which the x-coordinate of the point of intersection of 
the lines 3x + 4y =9 and y =mx + Lis also an integer is : 


(a) 2 (b) 0 

(c) 4 (d) 1 

A line passes through (1,0). The slope of the line,for which its intercept between y = x — 2 and 
y =-x + 2 subtends a right angle at the origin, is : 

(a) +2/3 (b) +3/2 

(c) +1 (d) None of these 


A variable straight line passes through a fixed point (a,b) intersecting the coordinate axes at 
A&B. If‘O’ is the origin, then the locus of centroid of triangle OAB is : 


(a) bx + ay -3xy =0 (b) bx + ay -2xy =0 

(c) ax + by -3xy =0 (d) ax+ by -2xy =0 

Two vertices of a triangle are (5,— 1) and (-—2,3).If orthocenter of the triangle is origin, then the 
co-ordinates of third vertex is : 

(a) (4,7) (b) @,7) 

(c) 4&4. (d) (4;=7) 


The straight line y=x-2 rotates about a point where it cuts the x-axis and becomes 
perpendicular to the straight line ax + by + c =0. Then its equation is : 

(a) ax+by+2a=0 (b) ax -—by -2a=0 

(c) bx +ay-2b=0 (d) ay-—bx+2b=0 


It is desired to construct a right angled triangle ABC (4C = 1/2) in xy-plane so that its sides are 
parallel to co-ordinates axes and the medians through A and B lie on the lines y =3x + land 
y =mx + 2 respectively. The values of ‘m’ for which such a triangle is possible is/are : 


(a) -12 (b) 3/4 

(c) 4/3 (d) 1/12 

The medians AD and BE of a triangle ABC with vertices A(0,b),B(0,0) and C(a,0) are 
perpendicular to each other if : 

(a) b=+ 2a (b) a=+V2b 

(c) b=+v3.a4 (d) a=+V3b 


The equations of the lines through (—1,- 1) and making angle 45° with the line x + y =0 are 
given by : 
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50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


(a) x* -xy+x-y=0 (b) xy-y*+x-y=0 
(c) xy¥+x+y=0 (d) x¥+x+y+1=0 
The number of integral points inside the triangle made by the line 3x + 4y —12 =0 with the 


coordinate axes which are equidistant from at least two sides is/are (an integral point is a point 
both of whose coordinates are integers): 


(a) 1 (b) 2 

(ce) 3 (d) 4 

If the lines x + y +1=0;4x+3y + 4=Oand x + ay +B =0, where a? +7 =2, are concurrent 
then: 

(a) a =1,8 =-1 (b) a =1,8 =+1 

(c) a =-1,p =+1 (d) a=+1p=1 

The straight line, ax + by =1 makes with the curve px? +2axy + qy* =r a chord which 
subtends a right angle at the origin. Then: 

(a) r(a2 +b7)=p+q (b) r(a? +p*)=q+b 

(c) r(b* + q’) =pt+a (d) none of these 

Given the family of lines, a(2x + y + 4) + h(x -2y —3) =0. Among the lines of the family, the 
number of lines situated at a distance of /10 from the point M(2,—3)) is: 

(a) 0 (b) 1 

(c) 2 (d) « 

m, nare integer withO <n <m.A is the point (m,n) on the cartesian plane. B is the reflection of 


Ain the line y = x. Cis the reflection of B in the y-axis, D is the reflection of C in the x-axis and E 
is the reflection of D in the y-axis. The area of the pentagon ABCDE is: 


(a) 2m(m +n) (b) m(m+3n) 
(c) m(2m + 3n) (d) 2m(m +3n) 
The area enclosed by the graphs of |x + y|=2 and|x|=1is: 

(a) 2 (b) 4 

(c) 6 (d) 8 


The ends of the base of an isosceles triangle are at (2, 0) and (0, 1) and the equation of one side 
is x =2 then the orthocentre of the triangle is: 


The equation of the pair of bisectors of the angles between two straight lines is, 
12x” —7xy —-12y” =0. If the equation of one line is 2y — x =0 then the equation of the other 


line is: 
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58. 


59. 


60. 


61. 


62. 


63. 
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(a) 41x-38y=0 (b) 11x+2y=0 
(c) 38x+41ly =0 (d) 11x-2y=0 
A piece of cheese is located at (12, 10) in a coordinate plane. A mouse is at (4,—2) and is 


running up the line y =—5x + 18. At the point (a,b), the mouse starts getting farther from the 
cheese rather than closer to it. The value of (a + b) is: 


(a) 6 (b) 10 
(c) 18 (d) 14 
The equations of L, andL, are y =mx andy =nx, respectively. Suppose L, make twice as large 


of an angle with the horizontal (measured counterclockwise from the positive x-axis) as does 
L» and that L, has 4 times the slope of Ly. If L, is not horizontal, then the value of the product 
(mn) equals: 


V2 V2 
(a) eg (b) Ae 
(c) 2 (d) -2 


If L is the line whose equation is ax + by =c. Let M be the reflection of L through the y-axis, and 


let N be the reflection of L through the x-axis. Which of the following must be true about M and 
N for all choices of a, b and c ? 


(a) The x-intercepts of M and N are equal. 

(b) The y-intercepts of M and N are equal. 

(c) The slopes of M and N are equal. 

(d) The slopes of M and N are reciprocal. 

The line x =c cuts the triangle with corners (0,0),(1, 1) and (9, 1) into two regions. For the area 
of the two regions to be the same c must be equal to : 

(a) 5/2 (b) 3 

(c) 7/2 (d) 3o0r15 

The distance between the two parallel lines is 1 unit. A point 'A' is chosen to lie between the 


lines at a distance 'd' from one of them. Triangle ABC is equilateral with B on one line and C on 
the other parallel line. The length of the side of the equilateral triangle is: 


2 
a =a? +d+1 (b) 2) —a*2 
(ome Vd? —d+1 (dj) 4id*=d41 


If m and b are real numbers and mb > 0, then the line whose equation is y =mx + b cannot 
contain the point: 

(a) (0, 2008) (b) (2008, 0) 

(c) (0, — 2008) (d) (20, - 100) 
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64. 


65. 


66. 


67. 


68. 


69. 


70. 


Given A (0, 0) and B(x, y) with x < (0,1) and y > O. Let the slope of the line AB equals m, . Point 
C lies on the line x = 1 such that the slope of BC equals my where 0 <m, <my,.If the area of the 


triangle ABC can be expressed as (m, —m,) f(x), then the largest possible value of f(x) is: 


(a) 1 (b) 1/2 

(c) 1/4 (d) 1/8 

What is the y-intercept of the line that is parallel to y=3x, and which bisects the area of a 
rectangle with corners at (0, 0) (4, 0), (4, 2) and (0, 2) ? 

eh a74 (b) (0, -6) 

(c) (0, -5) (d) (0, -4) 

The vertex of right angle of a right angled triangle lies on the straight line 2x + y -10 =O and 


the two other vertices, at points (2, -3) and (4, 1) then the area of triangle in sq. units is: 


(a) v10 (b) 3 
« 2 (@) 11 
5 
Given A =(1, 1) and AB is any line through it cutting the x-axis in B. If AC is perpendicular to AB 


and meets the y-axis in C, then the equation of locus of mid-point P of BC is: 


(@Ax+y=l1 (b) x+y=2 

(c) x+ y=2xy (d) 2x+2y=1 

The number of possible straight lines, passing through (2, 3) and forming a triangle with 
coordinate axes, whose area is 12 sq. units, is: 

(a) one (b) two 

(c) three (d) four 

Let A =(3,2) and B =(5,1). ABP is an equilateral triangle is constructed one the side of AB 


remote from the origin then the orthocentre of triangle ABP is: 


(a) [4-315.3- 8) (b) [443182 +8) 
2 2 2 2 
1 3 #41 1 3 #1 

@ (4-248.3-3,8] @ (4+218.3+2.8) 


r-| : »}0-[ ' a} n-[ : a 
Mey Lan Xe 


where x; #0, denotes the k" terms of a H.P fork < N, then: 


PA pe Penh 
(a) ar. (APQR) =2$ \(p-@? +(q-n)? +(r-p)? 


(b) APQR is a right angled triangle 
(c) the points P Q, R are collinear 
(d) None of these 
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EXERCISE (2) 


One or More than One is/are Correct 


1. 


Two sides of a triangle have the joint equation (x —3y + 2)(x + y —2) =0, the third side which 
is variable always passes through the point (—5, — 1), then possible values of slope of third side 
such that origin is an interior point of triangle is/are: 


= —2 
-1 1 


. The equations of lines passing through point (2, 3) and having an intercept of length 2 units 


between the lines 2x + y=3 and 2x + y=5 are: 
(a) y=3 (b) x=2 
(c) y=x4+1 (d) 4y+3x =18 


. Two sides of a rhombus ABCD are parallel to lines y =x +2 and y =7x +3. If the diagonals of 


the rhombus intersect at point (1, 2) and the vertex A is on the y-axis is, then the possible 
coordinates of A are: 


5 
(a) (o, >| (b) (0, 0) 
(c) (0,5) (d) (0, 3) 
- Possible values of 8 for which the point (cos0,sin9) lies inside the triangle formed by lines 
x+y =2;x-y=land6x+2y = 10 are: 
™ Tt 
a) — b) — 
(a) 3 (b) , 
«@ (d) = 
8 2 


. Two equal sides of an isosceles triangle are given by the equations 7x -y+3=0 and 


x+y -—3=0 and its third side passes through the point, (1,— 10), then equations of the third 
side can be: 


(a) x -3y -31=0 (b) y-3x+13=0 
(c) 3x+y+7=0 (d) y-2x+12=0 
. All the points lying inside the triangle formed by the points (1, 3), (5, 6), and (-1,2) satisfy: 


(a) 3x+2y2>0 (b) 2x+y+120 
(c) -2x+112>0 (d) 2x+3y-12>0 
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10. 


11. 


12. 
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vi) 


. The bisectors of angle between the straight lines y-—b= ues a) and 
m 


y-b= on (x —a) are: 
1 12 


(a) (y-b)(m +m’) +(x-ad-mm')=0 
(b) (y-b)(m +m’) -(x-a)(1-mm') =0 
(c) (y-b)Q-—mm') +(x -a)(m +m’) =0 
(d) (y-b)Q-mm') -(x-a)(m +m’) =0 


. Straight lines2x + y =5and x —-2y =3 intersect at point A. Points B and C are chosen on these 


two lines such that AB = AC. Then the equation of a line BC passing through the point (2, 3) is: 
(a) 3x-y-3=0 (b) x+3y—-11=0 
(c) 3x+y-9=0 (d) x-3y+7=0 


. The sides of a triangle are the straight lines x + y =1,7y =x and /3y + x =0. Then which of the 


following is an interior point of the triangle: 


(a) circumcentre (b) centroid 
(c) incentre (d) orthocentre 
The x-coordinates of the vertices of a square of unit area are the roots of the equation 


x? —3]x|+2 =0 and the y-coordinates of the vertices are the roots of equation y* —3y +2 =0, 
then the possible vertices of the square is/are: 

(a) (1, D, @, V), (, 2), G, 2) 

(b) CENA, (-2, 1), (-2, 2), (-1, 2) 

() @ DNB -D, CG, 2) @, 2) 

(d) (2, 1), 1), C1, 2), (-2, 2) 

If one vertex of an equilateral triangle of side 'a' lies at origin and the other lies on the line 
x — V3 y =0, then the coordinates of the third vertex are: 


(a) (0, a) (b) [es y :| 


(c) (0, -a) (d) (-282 4) 


Line ~ + ~ =1 cuts the coordinate axes at A(a,0) and B(0,b) and the line = + Es =-1 at 
a a 


A'(-a',0) and B'(0,-b'). If the points A,B,A',B' are concyclic then the orthocentre of the 
triangle ABA' is: 


(a) (0, 0) (b) (0, b') 


0 (a 
b a 


Straight Line 21 


13. The lines L, and L, denoted by3x* + 10xy + 8y* + 14x +22y + 15 =0 intersect at the point P 
and have gradients m, and my, respectively. The acute angle between them is 8. Which of 
following relations hold good: 


5 
(a) my +M9 ~ 4 


(b) mym, = 


ae a. 
(c) sin 


(d) sum of the abscissa and ordinate of point P is -1. 
14. The area of triangle ABC is 20 cm”. The coordinates of vertex A are (—5, 0) and B are (3, 0). The 
vertex C lies on the line x — y =2. The coordinates of C are: 
(a) G, 3) Gxy(-3, -5) 
(co) (-5,=7) (d) (7,5) 


15. Let B(1,-3) and D(O,4) represent two vertices of rhombus ABCD in (x,y) plane, then 
coordinates of vertex A if ZBAD = 60° can be equal to: 


00 | Wo 


a poe) fs [28 2) 
2 2 2 2 

- fans 8) a [es a8 
2 2 2 2 


16. Let L):3x+4y =1land L:5x -12y + 2 =0 be two given lines. Let image of every point on L; 
with respect to a line L lies on Ly then possible equation of L can be: 


(a) 14x+112y-—23 =0 (b) 64x-8y -3 =0 
(c) 1lx-4y=0 (d) 52y—-45x =7 
17. Let A(1,1) and B(3, 3) be two fixed points and P be a variable point such that area of APAB 
remains constant equal to 1 for all position of P then locus of P is given by: 
(a) 2y=2x+1 (b) 2y =2x-1 
(c) y=x4+1 (d) y=x-1 


18. If one diagonal of a square is the portion of line ues ~ = 1 intercepted by the axes, then the 
a 


extremities of the other diagonal of the square are: 


a+b a+b a-—b a+b 
oe wo [Ss 


a-b b-a a+b b-a 
© | @ (354) 
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20. 


21. 


22. 


23. 
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Two straight lines u=0 and v =O passes through the origin and the angle between them is 


tan! a If the ratio of slopes of v =0 andu=0 is ~ then their equations are: 
(a) y=3xand3y =2x (b) 2y=3xand3y=x 
(c) y+3x=0 and 3y+2x =0 (d) 2y+3x=Oand3y+x=0 
The points A(0,0), B(cosa,sina) and C(cosf,sinf) are the vertices of a right angled triangle if: 
. (a-B 1 a —-B 1 
(a) sn( == (b) con ae 
2 ae 2 ao 
a-—p 1 (oa —-B 1 
(c) cos )-4 (d) sin{ )--4 
2 Io 2 aE 


ABCD is rectangle with A(-1,2), B(3,7) and AB: BC = 4:3.If dis the distance of origin from the 
intersection point of diagonals of rectangle, then possible values of [d] is/are (where [-] denote 
greatest integer function) 


(a) 3 (b) 4 
(c) 5 (d) 6 


A straight line L drawn through the point A(1, 2) intersects the line x + y = 4 at a distance of - 


units from A. The angle made by L with positive direction of x-axis can be : 


Tl ™ 
T 5 
(c) 3 (d) D 


Let x, and y, be the roots of x*+8x-2009=0; x. and y, be the roots of 
3x? +24x-2010=0 and x3 and yz be the roots of 9x* +72x-—2011=0. The points 
A(X1,¥2) B(x, V2) and C(x3,Y3): 


(a) can not lie on a circle (b) form a triangle of area 2 sq. units 
(c) form a right-angled triangle (d) are collinear 
FANS WER S| 
=~ 
1.| (b,c,d) 2 (b, d) 3.| (a, b) 4.| (a, b,c) 5s (a, c) 6.| (a, b, c) 
We (a, d) 8. (a, b) 9.| (b,c) 10. (a, b) 11.| (a, b,c,d)| 12.| (b,c) 
tise (b,c, d) 14. (b, d) 15.| (a,b) 16. (a, b) 7s (c, d) 18.| (a,c) 
19.| (a, b,c, d) 20.| (a,b,c, d) | 21.| (b,d) 22. (a, d) 23. (a, d) 
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EXERCISE (3) 


Comprehension: a) 


The base of an isosceles triangle is equal to 4, the base angle is equal to 45°. A 
straight line cuts the extension of the base at a point M at the angle 0 and 
bisects the lateral side of the triangle which is nearest to M. 


1. The area of quadrilateral which the straight line cuts off from the given triangle is: 


3 +tand (b) 3+2tan0 
1+tand 1+ tand 
3 +tand 3+5tan0 
(c) ———_ CO! oa 
1-—tan0d 1+tand 


2. The possible range of values in which area of quadrilateral which straight line cuts off from the 
given triangle lie in: 


5 7 
(a) (2.2) (b) (4,5) 
9 
(c) (4, 2 (d) (G, 4) 
3. The length of portion of straight line inside the triangle may lie in the range: 
(a) (2,4) (b) (3 ai 
(c) (2,2) (d) (V2,v3) 
iH omprehension: (2) 


Let ABCD is a square with sides of unit length. Points E and F are taken on 
sides AB and AD respectively so that AE = AF. Let P be any point inside the 
square ABCD. 


1. The maximum possible area of quadrilateral CDFE is : 


(a) (b) 


(c) (d) 


C/|/W C/HY 
Colum ple 


2. The value of (PA)* — (PB)? + (PC)? —(PD)? is equal to: 
(a) 3 (b) 2 
(c) 1 (d) 0 
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3. Let a line passing through point A divides the square ABCD into two parts so that area of one 
portion is double the other, then the length of portion of line inside the square is: 


(a) 10 (b) vu 
3 3 
2 V13 

(c) a (d) Cee 

Comprehension: (3) 


Consider a trapezoid ABCD, one of whose non parallel sides AB which is 8cm 
long is perpendicular to the base. The base BC and AD of trapezoid are 6cm 
and 10cm in lengths respectively. Let L,,L,,L3,L, represent the lines 
AB,BC,CD and DA respectively and d(P,L) denote the perpendicular distance 
of point P from line L. 


1. Find the area of region inside the trapezoid ABCD in which the point Q can lie satisfying 
d(Q,L4)< d(Q,L3): 
(a) 3(3V5 +/3) (b) 24(V3 -)) 
(c) 4(5-5) (d) 25/5 - 1) 

2. Distance of the point R lying on line AD from vertex A so that perimeter of triangle RBC is 
minimum is: 
(a) 2 (b) 3 
(c) 4 (d) 5 

3. The maximum possible area of rectangle inscribed in the trapezoid so that one of its sides lies 
on the larger base of trapezoid is: 


(a) 36 (b) 54 
(c) 42 (d) 48 
Comprehension: | (4) | 


Consider a variable line 'L' which passes through the point of intersection 'P' 
of the lines 3x + 4y -12 =0 and x +2y —5 =0 meeting the coordinate axes at 
points A and B. 


1. Locus of the middle point of the segment AB has the equation: 
(a) 3x+4y =4xy (b) 3x+4y =3xy 
(c) 4x+3y =4xy (d) 4x+3y =3xy 

2. Locus of the feet of the perpendicular from the origin on the variable line 'L' has the equation: 
(a) (x? + y7) -3x-4y =0 (b) 2(x? + y7) -4x-3y =0 
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(c) x ey” -2x-y=0 (d) x7 4+y*-x-2y=0 

3. Locus of the centroid of the variable triangle OAB has the equation (where '0' is the origin): 
(a) 3x+4y+6xy =0 (b) 4x+3y -—6xy =0 
(c) 3x+4y-6xy =0 (d) 4x+3y+6xy =0 


Comprehension: ets) a 


Consider 3 non-collinear points A(9,3), B(7,- 1) and C(1,- 1). Let P(a,b) be 
the centre and R is the radius of circle 'S' passing through points A, B,C. Also 
H(x, y) are the coordinates of the orthocentre of triangle ABC whose area be 
denoted by A. 


1. If D,E and F are the middle points of BC,CA and AB respectively then the area of the triangle 
DEF is: 


(a) 12 (b) 6 

(c) 4 (d) 3 
2. The value of a+ b+R equals: 

(a) 3 (b) 12 

(c) 13 (d) none of these 
3. The ordered pair (x, y) is: 

(a) (9, 6) (bDye9. 6) 

(c) (O55 (d) (9, 5) 

C omprehension: (6) 


(lo) Cc B 


In the diagram, a line is drawn through the points A(0, 16) and B(8,0). Point P 
is chosen in the first quadrant on the line through A and B. Points C and D are 
chosen on the x and y axis respectively, so that PDOC is a rectangle. 
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1. Perpendicular distance of the line AB from the point (2, 2) is: 


(a) V4 (b) V10 
(c) ¥20 (a) V50 
2. The sum of the coordinates of the point P if PDOC is a square is: 
32 16 
ben b) — 
(a) (b) = 
(c) 16 (d) 11 


3. Number of possible ordered pair(s) (x, y) of all positions of point P on AB so that area of the 
rectangle PDOC is 30 sq. units is: 


(a) 3 (b) 2 
(cd (d) 0 
Comprehension: (7) 


Let a and b be the lengths of the legs of a right triangle with following 
properties 


(a) All 3 sides of the triangle are integers. 


(b) The perimeter of the triangle is numerically equal to area of the triangle, 
it is given that a < b. 


1. The number of ordered pairs (a, b) will be : 


(a) 1 (b) 2 

(c) 3 (d) 4 
2. Maximum possible perimeter of the triangle is : 

(a) 27 (b) 28 

(c) 29 (d) 30 
3. Minimum possible area of the triangle is : 

(a) 24 (bg 

(c) 26 (d) 27 

Comprehension: (8) 


Let A = (0,0), B =(5,0), C =(5,3) and D =(0,3) are the vertices of rectangle 
ABCD. If P is a variable point lying inside the rectangle ABCD and d(P,L) 
denote perpendicular distance of point P from line L. 
1. If d(P, AB) < min {d(P, BC), d(P,CD), d(P, AD)}, then area of the region in which P lies is : 
7. 19 
Cl (Dy = 
4 4 
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21 23 
Cc): = d) — 
(c) y (d) F 
2. If d(P, AB) > max {d(P,BC), d(P,CD), d(P, AD)}, then area of the region in which P lies is : 
il 3 1 
a) 1 b) = C). = d) — 
(a) (b) 5 (c) F (d) 4 
2 
3. i { aeP,aB) - >) + d(P, AD) 2¢ 1, then area of region in which P lies is : 
(a) 15—2n (b) 10 - > (c) 15-2 (d) i= 
Comprehension: (9) 


The equation of an altitude of an equilateral triangle is /3 x + y = 2V3 and one 
of its vertices is (3, 3) then 


1. The possible number of triangles is : 


(a) 1 (b) 2 (c) 3 (d) 4 
2. Which of the following can’t be the vertex of the triangle : 
(a) (0,0) (b) (0,2v3) (c) (3,-v3) (d) None of these 
3. Which of the following can be the possible orthocentre of the triangle : 
(a) Wa, ,/3) (b) (0,V3) (c) (0,2) (d) None of these 
C omprehension: 


Given point A(6,30) and point B(24,6), equation of line AB is 4x+3y =114. 
Point P(0,)) is a point on y-axis such that 0 < \ < 38 and point Q(0,k) is a point 
on y-axis such that k > 38. 


1. For all positions of point P, angle APB is maximum when point P is : 
(a) (0,12) (b) (0,15) (c) (0,18) (d) (0,21) 
2. The maximum value of angle APB is : 


T T 20 3T 
a b) = ide d) - 
(a) ; (b) 5 (c) - (d) ri 
3. For all position of point Q, angle AQB is maximum when point Q is: 
(a) (0,54) (b) (0,58) (c) (0,60) (d) None of these 
( omprehension: (11) 


OACB is a square on x-y plane where O is the origin. A line through A 
intersects the diagonal OC at D internally, side OB at E internally and side CB 
at F externally. Given that AD: DE = 4:3, AD =5 units and the square lies 
completely in first quadrant. 
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. The area of square will be : 


(a) 36 (b) 42 (c) 49 (d) 82 
. The abscissa of F will be : 
8 7 5 4 
cd yes ae dj ==. 
(a) - (b) ; (c) 5 (d) ; 
. Let O' be the reflection of O along AD. The equation of circumcircle of AAO'E will be : 
(a) x? + y* —7x -21y =0(b) A(x? + y2) -7x -2ly =0 
(c) A(x? + y* —7x) -2ly =0 (d) oa —21x-—7y =0 
Comprehension: (12) 


A variable line ‘L’ is drawn through O(0,0) to meet the lines L; :y -x-10 =0 
and L,:y —x-20 =0 at points A and B respectively. A point P is taken on line 
SIE? o 

-?2 1 ifa locus of P is : 

OP OA _ OB 


(a) 3x+3y =40 (b) 3x+3y+40=0 (c) 3x-3y=40 (d) 3y -3x =40 


. If OP 2 =(OA) (OB), then locus of P is : 


(a) x)? =100 = (6) (y--)* =50 (c) (y-x)? =200 (d) (y-x)? =250 
1 1 it 
OP? (OA)? (OB)? 

(a) (y-x)?=80 = (b) (y-xX)?=100— (©) (y- x)? =144  () (y- x)? = 400 


, then locus of P is : 


Comprehension: 


P is an interior point of triangle ABC. AP,BP,CP when produced meet the 
sides at D,E,F respectively. If BD = 2DC and AE = 3EC, then 


. AP : PD= 
(a) 5:6 (b) 6:5 (c) 8:3 (d) 9:2 
BBR eaPE = 
(a) 5:6 (b) 6:5 (c) 8:3 (d) 7:4 
AGEaeRE = 


(a) 5:6 (b) 6:5 (c) 7:4 (d) 8:3 
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Comprehension: 
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A ray of light travelling along the line OP (O being origin) is reflected by the 
line mirror 2x —-3y + 1=0, the point of incidence being P(1, 1). The reflected 
ray, travelling along PQ is again reflected by the line mirror 2x —3y — 1 =0, the 
point of incidence being Q, from Q ray move along QR, where R lies on the line 


2x-3y+1=0 


1. The equation of QR is: 
(a) 13x -13y =20 


(b) 13x-13y+20=0 (c) y=x-1 


2. The ordinate of point R is: 


73 
(a) 13 


53 
(b) 4 


(c) — 


23 
13 


(d) 13x-13y+17=0 


(d) 1 


Comprehension-1: il, @W 2. (Gl) 3, © 
Comprehension-2: i, @ Dem (cll) 2 @ 
Comprehension-3: 1. (d) 2. (b) 3. (d) 
Comprehension-4: 1. (a) 2. (b) 3, (© 
Comprehension-5: 1. (d) 2D. (0) Se) 
Comprehension-6: il, © 2. (a) 3, (bd) 
Comprehension-7: 1. (b) 2, (@&) 3. (a) 
Comprehension-8: il, © DQ (Gb) 3. (d) 
Comprehension-9: 1. (b) 2, (@& 3. (a) 
Comprehension-10: il, © (0) 3 
Comprehension-11: 1. (ec) D (0) 3 © 
Comprehension-12: i, @ DQ, (©) 3 (a) 
Comprehension-13: 1. (d) eC) 3. (a) 
Comprehension-14: 1. (a) 2. (b) 
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EXERCISE (4) 


Assertion and Reason 


(a) Statement -1 is true , statement-2 is true and statement-2 is correct explanation for 
statement-1. 


(b) Statement-1 is true, statement-2 is true and statement-2 is not the correct explanation for 
statement-1. 


(c) Statement-1 is true, statement-2 is false. 
(d) Statement-1 is false, statement-2 is true. 

1. A line segment AB is divided internally and externally in the same ratio at P and Q respectively 
and M is the midpoint of AB. 


OO 
A M P B Q 
a 
Statement-1: MP, MB, MQ are in GP. 


because 
Statement-2: AP, AB and AQ are in H.P. 
2. Given a AABC whose vertices are A(x, 1); B(x2,¥2); C(x3,y¥3). Let there exists a point 
P(a,b) such that 6a =2x, +X9+3x3 ;6b=2y, +¥o+3y3. 
Statement-1: Area of triangle PBC must be less than area of AABC. 
because 
Statement-2: P lies inside the triangle ABC. 
3. Let A(x,,y,) and B(x.,y.) are two fixed points in x-y plane. Let us construct a line passing 
through 'A' at a perpendicular distance 'P' from B in the same plane, then 
Statement-1: It is possible that no such line exist. 
because 
Statement-2: If P < AB, then no lines can be drawn through A at perpendicular distance 'P' from B. 
4. Let'P' denote the perimeter of AABC. If M is a point in the interior of AABC, then 
Statement-1: M4 + MB+ MC < P 
because 
Statement-2: M4 + MB < AC + BC 


5. Let a,x + by y +c, =0 a,x + boy +c, =0 and a3x+b3y +c3 =0 represent three lines L, ,L, 
and L, respectively 
Statement-1: IfZ,,L,,L3 are concurrent, then 


ay by cy 
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because 
aq, by ey 

Statement-2: If |a, by c,/=0, then lines Z,,Z,,L3 must be concurrent at point whose x-y 
a3 bz ¢3 


coordinates are finite numbers. 


6. Consider a pair of lines represented by ax? + 2hxy + by” =0 where a,b, hare real numbers and 
h? > ab, then 


Statement-1: If a+b+2h =0, then one line of the pair ax 2 +2hxy + by? =0 bisects the angle between 
coordinate axes in first and third quadrants. 
because 
Statement-2: If ax + (2h + a) =0 is a factor of ax? +2hxy + by? =0, then b+2h+a=0 
7. Statement-1: — Ifa,b,care variables such that 3a + 2b + 4c =0, then family of lines given by 


ax + by + c=0 passes through a fixed point (2 3) ; 


because 
Statement-2: The equation ax + by + c =0 will represent a family of lines passing through a fixed point if 
there exists a linear relation between a, b and c. 
8. Statement-1: = The area of triangle formed by points A (20, 22), B (21, 24) and C (22, 23) is 
same as the area of triangle formed by points P (0, 0), Q (1, 2), R (2, 1). 
because 
Statement-2: The area of triangle is invariant with respect to the translation of the coordinate axes. 
9. Statement-1: The equation 2xy + 3x —4y =12 does not represent a line pair. 
because 
Statement-2: A general equation of degree two in which coefficient of x ? = 0 and coefficient of De =0 
and coefficient of xy + 0 can not represent a line pair. 
10. Let points A,B,C are represented by (acos0;,asin0;),i=1,2,3; and cos(0, -0.,) + 
cos(05 —83) + cos(@3 —8,) = ->; then 
Statement-1: Orthocentre of AABC is at origin. 


because 
Statement-2: AABC is equilateral triangle. 


1.| (a) 2.) (a) 3.) (c) 4.| (a) 5.) (c) 6. | (a) 7.| (a) 8.| (a) 9.| (c) | 10. | (a) 
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EXERCISE (5) 


Match the Columns: 


1. Let D(0,V3), E(1,0), F(-1, 0) be the feet of perpendiculars dropped from vertices A,B,C to 
opposite sides BC,CA, AB respectively of triangle ABC 


Column-l! Column-ll 
(a) | The ratio of the inradius of AABC to the inradius of ADEF is (p) 2, 
(b) | Let 'H' be the orthocentre of AABC, then the greatest integer| (q) 3 
which is less than or equal to square of the length AH is 
(c) | The square of the sum of ordinates of points A, B and C is (r) 4 
(d) | The length of side AB of AABC is (s) 
2. 
Column-! Column-ll 
(a) | If the lines (p) | A.B 
x+2ay+a=0, x+3by+b=0, x+4cy+c=0, where 
a,b,c,e€ R are concurrent, then a,b,c are in 
(b) | The points with coordinates (2a,3a),(3b,2b) (c, c) where a,b,c,| (q) | G.P 
€ Rare collinear, then a,b,c are in 
(c) | If lines ax+2y+1=0 , bx+3y+1=0 and cx+4y+1=0 (r) HP 
where a,b,ceR passes through the same point, then a,b,c are in 
(d) | Let a,b,c be distinct non- negative real numbers. If the lines) (s) | neither A.P nor 
ax + ay +c=0,x+1=0,cx + cy + b=0 pass through the same G.P nor H.P 
point then a,c,b are in 
3. 


Column-! Column.-ll 


(a) | Ifab,c are in A.P, then lines ax + by + c =0 are concurrent at | (p) | (—4, -7) 


(b) | A point on the line x + y = 4 which lies at a unit distance from] (q) | (-7, 11) 
the line 4x + 3y =10 is 
(c) | Orthocentre of triangle made by lines x + y=1,x -y +3 =0,) (r) | (1, -2) 
2x+y=7is 
(d) | Two vertices of a triangle are (5, —-1) and (—2, 3). If orthocentre} (s) | (-1, 2) 
is the origin then coordinates of the third vertex are 
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Column-I 


Column.-ll 


(a) 


(b) 


(c) 


(d) 


The number of integral values of 'a' for which point (a,a7) lies 


completely inside the triangle formed by lines x=0, y =O, 
PN ane toy 


The number of values of a of the form > where K e/ so that point 
(a,a”) lies between the lines x + y =2 and 4x + 4y -3=0 


The reflection of point (t —1,2t + 2) in a line is (2t + 1,t) then the 
slope of line is 


In a triangle ABC, the bisector of angles B and C lie along the lines 
y=x and y=0. If A is (1, 2) then 10 d(A,BC) equals (where 
d(A, BC) denotes the perpendicular distance of A from BC.) 


(p) 


(q) 


0 


5. Given four parallel lines L, ,Ly,L3 and L,as shown in figure. Let d, denote the perpendicular 
distance between lines L; and L juj €{1,2,3,4}. Let P be a point, sum of whose perpendicular 


distances from four lines is K, also dy < dy3 < d34 Then the complete locus of point P 


between L3 and L, 


Ly 
1) 
Ls 
La 
Column-I Column-ll 
(a)| If K =dyo + 2do3 + dgq (p)| Not possible 
(b) | If K =dj9 + 2do3 + d34 +2a,| (q)| Entire region between the lines Ly and L3 
where 0 <a < dj 
(c) | If K =dyp +2do3 + d34 + 2a) (r) | Entire region between the lines L, and Ly 
where 0 <a < d34 
(d)| If K<djy + 2dy3 + day (s) | Entire region between the lines L; and Ly and 
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6. 
Column-l Column-ll 
(a) | If oft es 2+ 4 be any point on a line then ?) ee 
V2 V2 
value of t for which the point P lies between 
parallel lines x + 2y =land2x+4y=15is 
(b) | If the point (2x, —x, + t(xy -x,), 2y; -y2 +| (@) _ 13-1 a4 
t(¥ —y,) divides the join of (x; ,y,) and(x5, y9) QD 
internally, then 
1 = ) 
VU} 1, 
2) 
(c) | If the point (1, t) always remains in the interior of (r) (—4/2 5/2 
the triangle formed by the lines y=x, y =O and 3° 6 
x+y =4, then 
(d) | Set of values of 't' for which the point P(t,t? —2)| (s) | (0, 1) 
lies inside the triangle formed by lines x + y =1, 
y=x+land y =-1lis 


7. Vertex A of the AABC is at origin. The equation of medians through B and C are 
15x —-4y —240 =0 and 15x —52y + 240 =0 respectively. 


Column-! Column-ll 
(a) | The coordinates of incenter of AABC are (p) 56 1 o| 
3 2 
(b) | The coordinates of centroid of AABC are (q) | (21,12) 
(c) | The coordinates of excenter opposite to vertex C of AABC| (r) | (12,21) 
are 
(d) | The coordinates of orthocenter of AABC are (s) | (-4,7) 
(t) | (0,63) 
OE 
a, 
1. a>p;b>s;c>q;d>r 2. a>rrbos;c>ap;d>q 
3. a>rrboq3c7>s;d>p 4. a>p;b>r;c7q;d>s 
5. a>q; b>r;c7as;d>p 6 arrb>4p;c74s;d>q 
7. a>q;bop;c7s;d>t 
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EXERCISE (6) 


Subjective Problems 


1. 


10. 


11. 


12. 


P(3,1, Q(6,5) and R(x, y) are three points such that angle PRQ is right angle and the area of 
APRQ is 7, then number of such points R is. 


. The number of integral values of a for which the point P(a”,a) lies in the region corresponding 


to the acute angle between the lines 2y =x and 4y = xis. 


. The number of integral values of b for which the origin and the point (1, 1) lie on the same side of 


straight line a7x+ aby + 1=0 foraeR —{O} is. 


. If the pair of lines 6x* — oxy —3y? —24x +3 y + =0 intersect on x-axis, then find the value of 
20a -f. 
. Ifn, is the number of points on the line 3x + 4y =5 which is at distance of 1+ sin? 6 units from 


(2,3) and n, denotes the number of points on the line 3x + 4y =5 which is at distance of 
sec * @ + 2cosec 76 units from (1,3), then find the sum of roots of equationsn x” —6x +n, =0. 


. Ina AABC, the vertex A is (1,1) and orthocenter is (2, 4). If the sides AB and BC are members of 


the family of straight lines ax + by + c =0. Where a,b,c are in A.P then the coordinates of vertex 
C are (h,k). Find the value of 2h+12k. 


. Let P be any point on the line x —- y + 3 =0 and A be a fixed point (3, 4). If the family of lines 


given by the equation (3 sec 8 + Scosec0) x + (7 sec 8 — 3 cosec 8) y + 11(sec 6 —cosec 8) =0 are 
concurrent at a point B for all permissible values of 6 and maximum value of 
| PA — PB|=2V2n (n € N), then find the value of n. 


. There exists two ordered triplets (a, ,b, ,c,) and (a,b,c) for(a,b,c) for which the equation 


4x? —4xy + ay” + bx + cy + 1=0 represents a pair of identical straight lines in x-y plane. Find 
the value of a, + bj +c] +d, + bz +Co. 


. Each side of a square is of length 4 units. The center of the square is at (3,7) and one of the 


diagonals is parallel to the line y = x. If the vertices of the square be (x, , ¥1),(X2,Y2),(X3,Y3) 
and (x4, y4) then find the value of max(y,,¥2,¥3,¥4) —min(x,,x9,X3,X4). 

The base of an isosceles triangle is the intercept made by the line x+2y=4 with the 
coordinate axes. If the equations of the equal sides be x = 4 and y =mx + cthen find the value of 
8m +c. 


The slope of one of lines given by ax* + 2hxy + by? =0 be the square of the slope of the other, if 
ab(a + b) + aabh + Bh? =0, then a +f is equals. 
The slopes of three sides of a triangle ABC are —1,—2,3 respectively. If the orthocentre of 


: -_.. ; sans a : . 
triangle ABC is origin, then the locus of its centroid is y = b x where a,b are relatively prime 


then b —a is equal to. 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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The equation of a line through the mid point of the sides AB and AD of rhombus ABCD, whose 
one diagonal is 3x -4y +5 =0 and one vertex is A(3,1) is ax + by +c =0. Find the absolute 
value of (a + b+ c) where a,b,c are integers expressed in lowest form. 

If there a real value of 4 for which the image of point (1,4 — 1) by the line mirror 3x + y =6A is 
the point (a7 +1,A)? Then find 2. 

Straight line L, is parallel to the bisector of first and third quadrant, forms a triangle of area 2 
square units with coordinate axis in second quadrant. Line L, passes through (1,1) and has 
positive x and y intercepts. L, makes a triangle of minimum are with coordinate axes. The area 


of the triangle formed by L, ,L» and x-axis is of form P where p and qare relatively natural 
q 


numbers. Find | p — q|. 


Consider two lines L; =x-y=0 and Ly =x+y=0 and a moving point P(x,y). Let 
d(P,L,),i =1,2 represents the perpendicular distance of the point P from L,. If point P moves in 
2 
certain region R in such a way that d(P,L,) <[2,4].Let the area of region R is A, then find - . 
i=l 
In a AABC, A=(a,f), B(1,2), C(2,3) and point A lies on line y=2x +3, where o,f <1. If the 
area of AABC be such that area of triangle lies in interval [2,3). Find the number of all possible 
coordinates of A. 


Consider AABC with A(m,—m — 1), B(-1,0), C(1,1 + 1) is such that a line of slope 2, drawn through 
centroid of AABC meets the circumcentre of AABC on y-axis, then find the value of! + m. 


A variable line L, cuts y =3x + land y =—2x +3 at points P, and P,. If the locus of midpoints 


of P; and P, is line L, with undefined slope where slope of L; is constant. If slope of Lis P 
q 


where p,q are coprime natural number, then find p + q. 

Let A,B,C lies on lines y =x, y =2xand y =3x respectively. Also AB passes through fixed point 
(1,0), BC Passes through fixed point (0,— 1), then AC also passes through fixed point (h, k), find 
the value of h+ k. 


11. 
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EXERCISE (7) 


1. Let PQR be a right angled isosceles triangle, right angled at P (2, 1). If the equation of the line 
QR is2x + y =3,then the equation representing the pair of lines PQ and PR is: [IIT-JEE 1999] 


(a) 3x7 -3y74+8xy+20x+10y+25=0 (b) 3x7-3y? +8xy -20x-10y +25=0 
(c) 3x7 -3y74+8xy+10x+15y+20=0 (d) 3x7-3y? —8xy-10x-15y -20=0 


2. The equation of two equal sides AB and AC of an isosceles triangle ABC are x + y =5 and 
7x — y =3 respectively. Find the equations of the side BC if the area of the triangle of ABC is 5 
units. [REE 1999] 


3. (A) The incentre of the triangle with vertices (1, el ), (0, 0) and (2,0) is: 


(3) wba) 98) eb 


(B) Let PS be the median of the triangle with vertices, P(2,2),Q(6,—1) and R(7,3). The 
equation of the line passing through (1, — 1) and parallel to PS is: 
[IIT-JEE (Screening) 2000] 
(a) 2x-9y-7=0 (b) 2x-9y-11=0 
(c) 2x+9y-11=0 (d) 2x+9y+7=0 
(C) For points P =(x,, y,) andQ =(x9, y2) of the co-ordinate plane, a new distance d(P,Q) 
is defined by d(P,Q) =|x, —x2|+|y1 —y2|. Let O =(0,0) and A =(3, 2). Prove that the 
set of points in the first quadrant which are equidistant (with respect to the new distance) 
from O and A consists of the union of a line segment of finite length and an infinite ray. 
Sketch this set in a labelled diagram. [IIT-JEE (Mains) 2000] 
4. Find the position of point (4, 1) after it undergoes the following transformations successively. 
(i) Reflection about the line, y = x —1. 
(ii) Translation by one unit along x-axis in the positive direction. 
(iii) Rotation through an angle 2/4 about the origin in the anticlockwise direction. 
[REE (Mains) 2000] 
5. (A) Area of the parallelogram formed by the lines y =mx, y=mx+1, y=nx and y=nx+1 
equals: 
gq ww ©) — om 


(m —n)? |m +n |m +n |m —nl| 


(B) The number of integer values of m, for which the x co-ordinate of the point of intersection 
of the lines 3x + 4y =9 and y =mx + lis also an integer, is: 


[IIT-JEE (Screening) 2001] 
(a) 2 (b) O (c) 4 (d) 1 
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6. (A) Let P =(-1,0),Q =(0,0) and R =(3,3V3) be three points. Then the equation of the 
bisector of the angle PQR is: 


(a) Bey yao (b) x+V3y=0 (©) V3x+y=0 =) x+ y= 


(B 


—_— 


A straight line through the origin O meets the parallel lines 4x + 2y =9 and2x + y+6=0 
at points P and Q respectively. Then the point O divides the segment PQ in the ratio: 
(a) 1:2 (b) 3:4 (c) M21 (d) 4:3 
(C) The area bounded by the curves y =|x|-—1and y =—|x|+ lis: 
[IIT-JEE (Screening) 2002] 
(a) 1 (b) 2 (c) 2V2 (d) 4 
A straight line L through the origin meets the line x + y=1 and x+ y=3 at P andQ 
respectively. Through P and Q two straight lines L; and. are drawn, parallel to2x —y=5 
and 3x + y =5 respectively. Lines L; and L. intersect at R. Show that the locus of R, as L 
varies, is a straight line. [IIT-JEE (Mains) 2002] 
(E) A straight line L with negative slope passes through the point (8, 2) and cuts the positive 
co-ordinates axes at points P and Q. Find the absolute minimum value of OP + OQ, as L 
varies, where O is the origin. [IIT-JEE (Mains) 2002] 
7. The area bounded by the angle bisectors of the lines x — y? + 2y =1and the line x + y =3,is: 


[IIT-JEE (Screening) 2004] 
(a) 2 (b) 3 (c) 4 (d) 6 
8. The area of the triangle formed by the intersection of a line parallel to x-axis and passing 
through P (h, k) with the lines y = x and x + y =2 is 4h”. Find the locus of the point P. 
[IIT-JEE (Mains) 2005] 


9. (A) Let O(0,0), P(3, 4), Q(6, 0) be the vertices of the triangle OPQ. The point R inside the 
triangle OPQ is such that the triangles OPR, PQR, OQR are of equal area. The co-ordinates 


(D 


—_ 


of R are: 
(a) (4/3,3) (b) (3, 2/3) (©) (, 4/3) (d) (4/3 ,2/3) 
(B) Lines L;: y—x=0 and L,:2x+y=0 intersect the line L3: y+2=0 at P and Q, 


respectively. The bisector of the acute angle between L, and L, intersects L3 at R. 
Statement-1: The ratio PR: RQ equals 2/2 : V5 
because 


Statement-2: In any triangle, bisector of an angle divides the triangle into two similar 
triangles. 


(a) Statement-1 is true, statement-2 is true; statement-2 is a correct explanation for 
statement-1. 


(b) Statement-1 is true, statement-2 is true; statement-2 is NOT a correct explanation for 
statement-1. 


(c) Statement-1 is true, statement-2 is false. 
(d) Statement-1 is false, statement-2 is true. [IIT-JEE 2007] 


Straight Line 39 


10. 


11. 


12. 


13. 


14. 


15. 


Consider the lines given by 
L, =x+3y-5=0, Ly =3x-ky-1=0, L3 =5x+2y-12=0 
Match the statements/expressions in Column-I with the statements/expressions in 


Column-II and indicate your answer by darkening the appropriate bubbles in the 4 x 4 matrix 
given in OMR. [IIT-JEE 2008] 


(a) |L,,L2,L3 are concurrent, if (p) k=-9 


(b) One ofL,,L>5,L3 is parallel to at least one of the other two, if|(q) — 6 
5 


(c) |L,,L2,L3 form a triangle, if (r) ne 


(d) |L,,L,,L3 do not form a triangle, if (s) k= 


The locus of the orthocentre of the triangle formed by the lines (1+ p)x — py + p(1+ p) =0, 
(1+ @x -qy + q+ q =0,and y =0,where p = q, is: [IIT 2009] 
(a) a hyperbola (b) a parabola (c) an ellipse (d) a straight line 
A straight line L through the point (3, — 2) is inclined at an angle 60° to the line V3x + y =1.IFL 
also intersects the x-axis, then the equation of L is: [IIT 2011] 
(a) y + V3x + 2-33 =0 (b) y —V¥3x +2 +33 =0 

(c) V3 x+3+23 =0 (d) V3y+x-3 +23 =0 
The x-coordinate of the incentre of the triangle that has the coordinates of mid points of its 
sides as(0, 1), (1, 1) and(1, 0) is: [IIT-JEE (Mains) 2013] 
(a) 1-2 (b) 24+ 2 (c) 2-2 (d) 1+/2 
A ray of light along x + V3y =~3 gets reflected upon reaching x-axis, the equation of the 
reflected ray is : [IIT-JEE (Mains) 2013] 
(a) V3y=x-1 (b), y =x +3 (c) V3y=x-v3 9 (d) y=v3x-V3 

For a>b>c>0, the distance between (1,1) and the point of intersection of the lines 
ax + by + c=Oand bx + ay +c =Ois less than 2/2.Then : [IIT-JEE (Advance) 2013] 
(a) a+b-c>0 (b) a-—b+c<0 (c) a—b+c>0 (d) a+b-c<0O 

Se 
p ANSWERS] 

1. b 2. x-3y+21=0,x-3y+1=0,3x + y=12,3x+ y=2 

3. (A) d; (B)d 4. (4,D > (2,3) > (3,3) > (0,3V2) 5. (A)d; (B)a 

6. (A) c; (B) b; (C) b; (D) x-3y+5=0;(E)18 7a 8. y=2x+Ly=-2x+1 

9. (A)c; (B)c 10. (a) > s; (b) > p, q (c) > 1; (d) 5p, qs 
11. d 12. b 13.¢ 14. ¢ 15. a,c 
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SOLUTIONS (1) 
Oniy One Choice is Correct: 3. (a) 
1. (b) Equation of pair OPandOQ is + [Bead — 4(4) + 12][12(-1) —5(4) +e 


obtained by homogenising. = Equation of bisector containing (—1, 4) 


in its region is 
3x-4y+12 12x-5y+7 
5 13 
=> 21x27y —12)=0 


4. (a) Intersection of x =(y - 1)* with lines 


are 


= Equation of pair OP and OQ is 
5x7 + 12xy (ony. + (4x -2y)(x+ ky) 


+3(x + ky)? =0 
OPand OQ are equally inclined to 
x-axis. 
Coefficient of xy =0 
=> 124+4k-2+6k=0 
> k=-1 
2. (ec) OD = AD = BD p(3 4) 


=> 
(y-D* =5-2y Sy? =4> y=42 
Q =(1,2), R =(9,-2) 


(\,B > a+1e(-2,nU(3,2} 


1 
op =p — al ae(-3,0) [5.1] 
V5 
1 5. (a) Equating slopes of P’A and P'Q. 
Area of AOAB => (2P)P = P* 1-1 3-1 
. a 


AeA ee 
5 


Straight Line A1 


9. (b) Image of (0,0) wrt. L lies on Lj 
Image of (0,0) w.rt. L is 


6. (c) (x-3y)(x- y) =0 
Equation of line parallel to line 
x —3y =O and passing through (3, - 2) 
isL; =x-3y=9 
Similarly equation of line, parallel to 
line x—y=O and passing through 
(3,-2) isLy =x-y=5 


Equation of pair L, and L» is Loe ; 4 

(x -3y -9)(x-y-—5) =0 2 1 5 

=> x? -4xy4+3y? -14x4 24y + 45=0 my. 
P'=(x4y) =| 4 

(x,y) : =| 

Z| Equation a Ly =a passes through 

1,1 and| 4 | is 
a0 ana( 2,2) 


7. (c) Equation of L is 


(-2,6) 


4 2 
1,4) a | -7 
(4,2) y-1= («-D=—(@-D 
ls 44 -1 
4-2-1 : 
» ae . y=7x-6 
2y -8=3x-3 10. (d) a-2vVbe =b+c 
=> 3x-2y+5=0 > (Vb + Vc)? -C/a)?"B0 
8. (b) (PR + RQ) min =(PR + RQ’) min =PQ' = Jb+Je-Vap 
m-4 441 ; 
3-3-0 or Jb+Vc+ Ja =0 (rejected) 
vb+Vc-Va=0 
=> h=-= 


=> VJax+vby+vc=0 passes through 
=> R -(-2 | fixed point (—1,1). 
5 


42 Advanced Problems in Coordinate Geometry for IIT-JEE 


2 2 
1 10-1-4 
11. (b) pal +2atan@ + tan“ | _ ( 5 
|sec 0| 3 V441 
_ (a +tan6)* 14. (b) Image of A say A’ wrt. x -2y +1=0 
~— |sec 6| lies on BC. 
_(b+tan0)? Cc | 
i |sec 8| 
|ab + (a+b) tan + tan? 6| 
os 
|sec O| 
A B 
_ |(a + tan) (b + tan) (1,2) (2, 1) 
|sec 8| 
=> pz =PiP3 L sae 
12. (b) Equation of BC varies x lay - 2, (1-4 +e 
s 2 
Orthocentre will always lie on line 1 Z 1+2 
perpendicular to y=x+A_ passing ar=(2.2) 
through A(1,2). 5.5 
ANT e) 7 Equation of BC joining a(2.2) and 
B(2,]) is 
y=xtir 2 
ee my Ame 
y-1l= a 2) =—(x -2) 
= Locus of orthocentre ‘H’ is x + y =3. 2 1 
> 1 
13. (a) Slope oO GHGs 0 3x - 5 0 > a+b=3-1=2 
15. (c) zee = MOA et 
4 2 2 2 


Perpendicular distance from G to AB 


== (Perpendicular distance from C to 


AB) 


Straight Line 43 


Hence, ZBAC = Tu 18. (c) Let perpendicular bisector of AB is 
2 3x+4y-20=0 and perpendicular 
16. (b) Possible cases are shown below bisector of AC is 8x + 6y —65 =0. 


=> Image of Awrt.3x+4y-20=0 is B 
and image of A wrt. 8x +6y —65 =0 
is C. 

x-10 y-10_ 2{ 220-20) 


ForB, 
4 25 


=>  B=(-2,-6) 
x-10 y-10_ {exe —S) 
6 100 


= C=(-2,) 


For C, 


| B(-2, — 6) 


Area of AABC =5 (10 + 2)(1+ 6) =42 


19. (b) Area of ABCD =mod of 


y/*%1 V1 1 Xp Yo 1 
=|xXo Yo FB) odor X3 y3 1 
X4 Yq 1 X4 Yq 1 
1 1 
>—()+=—()D=1 
a A 
C(X3; Y3) 
(x, y,)D 
slope of OB -tan{ * —(0+ ) =cot (0 +) 
2 (X, ¥4)A 
3°41 
1S B(X,, Yo) 
: 4 Zeal Le 25 M7 
3 i 2 
— + — 
AL 2 
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20. (b) tan 6 = : (from Fig.) 


Boge” | 


=> 3y=4x 
21. (b) Lines make complementary angles 


with X-axis > m my =1> a 


22. (c) h=2cos0 + 2cos(120°-8) 


=cos@ + V3 sin® (1) 
k =0 + 2sin(120°-6) 

= 3 cos@+sin0 we (2) 
squarring and adding eqs. (1) and (2), 
we get 


h? +k? =4+ 4,3 sin cos 
Multiplying eqs. (1) and (2), we get 
hk = V3 + 4sin0cos® 
=> (h?+k?)-4=3hk-3 
x? 4+ y%= 3 xy +1 is the required 
locus. 


23. (d) By observation, it is clear that 3 
vertices of triangle lie on circle 
oe ve = 


(5 sin 0, — 5 cos 0) 


(3, 4) 
| (5 cos 0, 5 sin 0) 
Centroid 
G =( Senet sense +3 5sin0 —5cos0 + ‘) 
- 3 , 3 


Circumcentre O = (0,0) 
= Orthocentre, H =(h,k) 


3(2ene + Se080 + *) 2(0) =h 


=5sin0 +5cos0+3 
3 Senta seee 4 
3 
=5sin0 —5cos0 + 4 
By eq. (1) + eq.(2), 
h+k-7=10 sind 
By eq. (1) -eq.(2), 
h-k+1=10 cos0 
— (x+y +(x-y +1? =100 
the required locus. 
24. (d) BH LOA = A lies on y-axis 
equation of AH is: 


2(0) =k 


(1) 


o>) 


is 


Straight Line 


Put x =0, 


=(3,3) 
26. (b) Put x =x, in equation of pair of lines 
1 


=> by? +2hx,y+ax? =0 
1 1s 


9y? 4h? x?b 


aye b2 ax? 

9 An? => 9ab=8h? 
2 ab 

OF a ee 

x-8 -3-8 11 

ig 

“= 


27. (b) 


x 


45 


L “be 


28. (a) (2a,a) lies on2x+3y =20 
So 4a +3a=20 


(0, Al (a, 0) (2a, 0) C(10,0) > * 
20 
> ——— 
7 
Area = isi 
49 


29. (d) Locus of C is a circle. 
= infinite AABC can be formed 
30. (a) Reflection of C with x-axis =(5,—3) 


Equation of AB is y -2 = ie -1) 


5x + 4y =13 


a1. 3)| 


: a 


31. (b) Line passes through (0,0) and (8,11) 


=> its equation is y= . x 
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32. (d) R =(8h-6,3k+6) 


(2, 5)P | 


k) 


| 4-110 R 
R lies on9x+7y+4=0. 
=> 9(3h-6)+7(3k+6)+4=0 
=> (9h+7k)3-8=0 
Which is parallel to N. 
33. (b) Image of A(2,-1) wrt. 
3x -2y+5=0,A' is given by 
Wee 2) ytl g (64245) _ 


2 
3 —2 13 
A'=(-4,3) 
B(-3, -2) | 
a 
‘Z 
(2,-1)A 


Equation of BC is 


342 
-—3= x+4 
4 Aaas ) 
5x+y+17=0 


34. (d) ax? + by? +2hxy =0 


Put x =X, y=~-Y, in the equation of 
pair L, and Ly. 


=> aX? +b(-Y)? +2h(X)(-Y) =0 
=> aX*+bY* —2hxY =0 is the required 


equation. 
35. (a) 
Ip | 
2a 
I, 
= a—>|«—-a—> 
i ie 
2a 2 
fan| = —@ | — 12 
4 14+1/2 3 


36. (d) p(x+ y-1+q2x-3y+D=0 
=> (x+y—-D4+2(2x-3y +) =0 
P 


Always passes through intersection of 
x+y-1=0 and 2x-3y+1=0, 


37. (d) Orthocentre is (0,0). 
(0, {6) 


4 


L (8, 0) 
38. (b) y —mx =0, x +2y-—1=0 and 
2x —y +3 =0 are concurrent 


Straight Line 


im -l O 
1 2-1 
2 -1 3 


=> =0=5m+5> m=-1 


39. (b) (x +2) +A(x+ y+ 1) =0 
Fixed point, P =(-2, 1) 
Distance of P from origin = 2 

40. (a) ax +(a+2d) y+(a+6d) =0 

=> ax+y+1)+2d(y +3) =0 


> (xt y+ +72¢y +3)=0 
Fixed point =(2,—3) which lies on 
RP ¥? =13 
41. (a) PAB is the required triangle . 


“.Atea of APAB =>x2.x2-=2 


42. (a) For point of intersection, 
3x+4mx+4=9 
. > 
3+4m 
3+4m=+1,+5 
=> m=-1/2,-1,1/2,-2 
Number of integral values of m =2 
43. (d) Let the line be y =m(x -1) 


Equation 


of pair of lines is 
(y -x+2)(y+x-2)=0 


47 


> y? -x*4+4x-4=0 


Equation of pair OA and OB is obtained 
by homogenisation given by 


2 
y? x2 4 4x{ 2) (2) =0 
m 


m 
OA | OB 
Coefficient of x?+ Coefficient of 
y? =0 
=> 1-14+4-4+ os =0>m>o 
m 


Line is given by x =1. 


44. (a) Equation of AB is 7% 7 =3 


_ | 


me 
AB passes through (a,b) 
a b_, 

h_k 


=> bx+ay =3xy is the required locus. 


A(3h, 0) 
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45. (c) SiopeorAnea =” an, - °C _<<ii'! 
h 4 (AC/2) AC 
k+1 tan0; 1 
h tan 05 4 
Case-I : If m <3, 
1 1 
tan@, =— andtan0@, =— 
A(h, k) 3 m 
m 1 3 
—=_>m=— 
3 4 4 
Case-II : If m>3, 
tan 0 ee and tan 0 = 
eG il a 2 3 
(=) 
=> at = ba >m=12 
‘ h=-4,k=-7 4 
A=(-G 48. (b) AD | BE 
46. (d) Equation of line after rotation 
becomes (0,b)A 


| 
ax +by+c=0 | 2 
(8) b) -b 
| ~ Ger 4 


=> 2b* =a? 
=> a=+ 2b 
49. (d) Equation of pair PA and PB is 


bx —ay =c' 
It passes through (2,0). > c’=2b 
Equation of line is bx — ay = 2b. 
BC 


47. (b) tan0, = —— 
(b) 7 SAG 


Le | 


Lv (x+D)(y+)=0 


=> xytx+yt+1=0 


Straight Line 


50. (a) Point P must lie on at least one of the 
angle bisectors. 


| 3x+4y=12 
Incentre, 
a. ( 4(0) + 3(4) +5(0) 4(3) +3(0) + 1) | 
44+3+5 44345 
IT=(1,) 
P =(1,0 only 


51. (d) Lines are 
x+y+1=0;4x+3y+4=0 


and x+ay+p =0 
where, a7 +f? =2 
111 
4 3 4 =0 
la Bp 


1(3B — 40) —1(48 - 4) + 1(4a -3) 
=38 —4a -468 +4+4+ 4a -3 
=—-Bp+1=-0 =apep=1 

a=+1 


52. (a) Homogeneous equation of the curve 


2 


with line. Coefficient of x“ + 


coefficient of y? =0 

53. (b) The point of intersection of the two 
lines are (—1,—2) 
P(-1,-2) M(2,-3) 


vi0 
ia 


Distance PM = v10 


49 


Hence the required line is one which 
passes through (—1,—2) and is | to PM. 
=>B 

54 (b) Area of rectangle BCDE = 4mn 


2m(m —n) 
2 


=m? —mn 


Area of AABE = 


area of pentagon = 4mn +m? —mn 
=m? +3mn 
55. (d) Figure is a parallelogram 


x=1 


Slope of HD =2 
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(aX 2tan76=1 => tan*@=1/2 
=> 2-2 => pee 2tan? 0 
x-1 4 - mn =tan 20 .tan 8 = 
5 1-tan?0 
H=(3.) 1 
4 = =2 
1-(1/2) 


57. (a) Image of point (2,1) lying on . 3 

. 60. (c) Reflecting a graph over the x-axis 
2y -x=Owrt.4x+3y =Ois : : ee] 
results in the line M whose equation is 


ax — by =c, while a reflection through 


4 3 25 

the y-axis results in the line N whose 
38 8641 ae 

> (x,y) =| -—,-— equation is —ax + by =c. Both clearly 
an aS have slope equal to a/b (from, say, the 
Other line passes through (0,0) and slope-intercept form of the equation.) 

(-2 - = and is given by 

25° 25 
‘zx a x 
38 


58. (b) (a,b) is the foot of | ar of (12, 10) on 
the line y +5x =18 


y = (1/9)x 


a-12 b-10  (10+5(12)-18 
| 26 
=> (a,b) =(2,8) > c=3 
59.(c) Letm=tan20 and n=tan0 or c=15 which is not possible 
andm=4n and m#0O, 
tan20 #0; - 040 


tan 20 = 4tan0 
2 tan 0 


1-tan? 6 
1=2-2tan76 


= 4tan0 


(1) 


Straight Line 


Isin(60 -€) <123.cose —Lsing 
2 2 
=1-d 
2-d 
> Icos®@ =—— Pen ((23) 
Aa 
Squaring and adding Eqns. (1) and (2) 
2 
epee i? 4 48 4M G2 _ gy 
33 3 
p 
a 725 d“—-d+1 
3 
63.(b) mb>0 > m>0 


andb>O or m<Oandb<0O 


Hence possible lines are as shown 


Y- 


In both the cases x intercept cannot be 
+ve 


=> (bd) 
64. (d) Let the coordinates of C be (1, c) 


_c7-y, 
1x 


c—m x 


z 1-x 


(m, —My)x=c-My 


c=(mM, —My)x +My (1) 


now area of AABC -5 


= Flex —m) x1 
= FItom, —My)xX+My)x —m,x] | 
=F tom, aie ae +M5xX—m,x]| 
= (my mis) =x") 

[x > 27 in (0,1) 
Hence, f(x) =5(x-x7); 


when 


1 
FOR ax £7 


1 
i 
2 


65. (c) 


(0,0) A D' (4,0) 


Vie 0) (hp, 0) 


Line will pass through (2, 1) 
=> Eqn. of line is y-3x =-5 
y-intercept is (0,—5) 
66. (b) M,|M, =-1 


A(4, 1) | 


B C(2, -3) 
a, 10-29) 
9-2a : 13 -2a _ 
a-4 a-2 


1 
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117 —26a -18a + 4a* ={a? —6a+8) 
5a” —50a +125 =0 
so B is (5, 0) 


so area =~ AB x AC = V2. x32 =3 
67. (a) y-1=m(x-1) 


eet = 1) 
m 


2h=1- 


2 
m 


Ne eee 
m 


locusis x+y=1 


68. (c) Equation of any line through (2, 3) is 
y -3 =m(x-2) 
y=mx-2m +3 


(0, 3-2m) 


| eo 


with the help of the fig. area of 
AOAB = 12 

. |= -3 
ie., 


ec 2m) =+12 
m 


taking + sign we get (2m +3)? =0 
this gives one value of m =—3/2 
taking negative sign we get 

4m* ~36m + 9 =0(D > 0) 
quadratic in m gives 2 values of m 
=> 3st. lines are possible. 


69. (d) 


PD = ABsin60° = J/5 2 


_1V5v3__ v5 


HD 


2 fa 
3 


Slope of HD =2, D (4.3) 


Using parametric, form 


Halas Bas 45 | 
2/3 Wp 2 2/3 V5 


70. (ec) 2-=a+(p-Dd: 
Xp 


—-=a+(q-Dd; eo +(r-1d 
xy . 

a+(p-Dd p 1 
a+(q-ld q 1 
a+(r-Dd rl 


=> =0 


Straight Line 
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SOLUTIONS (2) 


One or More than One is/are Correct 


1. (b, c, d) 


me (-12] for origin to lie inside the 


triangle 


2. (b, d) 
Slope of line ism =tan(a + 6) 


1 
tana C5" tan0 =2 


142 
m=—2 > 0 
1-=x2 

ae 
m = 24 = —— 
— iE 

2 


eqn. of lines are 


x=2andy-3 =F (x-2) 


x=2 and 4y+3x=18 


3. (a, b) 
The diagonal of rhombus is parallel to 
angle bisector of given lines 
y-x-2 ee Sat. pat 
V2 5W2 
=> 4y+2x-7=0,6y+12x-13=0 


Diagonals are2y + x=5 


and 2x-y=0 
Possible coordinates of A are (0.3) or 


(0, 0) 
4. (a, b, ec, d) 
For Q: 
6cos@ + 2sin6 =/10 


tan }3 =a,sin(@ +a) =; 


5. (a, c) 


3% side will be parallel to angle 
bisectors of given lines, 
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7x-Y+3 _,xt+y-3 
SV2 


> 2x -6y=c 


3" side will be given by 
x-3y=31 or 3x+y=-7 
6. (a, b, c) 


(3x + 2y =0) 


(2x+y+1\=0) 


7. (a, d) 
m =tan0,,m'=tan0, 
inclination of given lines are 20, and 
20 5 


‘. inclination of angle bisectors 0, + 05 or 
1 
04 a 05 = 
2 


slopes will be an 


2 
—mm' m+m' 


Eqn. of bisectors are 


_ (m+m') 
os - Comme a), 
_ (mm'-1) q 
7 (m +m') One 
8. (a, b) 


BC is parallel to angle bisector of lines 

2x+y=5andx-2y=3 

2x+y-5 _,Xx72y=3 
—_ 


Eqn. of BC can be x + 3y =11 


=>xX+3y=c 


or 3x-y=3 


9. (b, c) 
Triangle formed by lines is obtuse. 
10. (a, b) 


Possible squares have vertices 
(-2,1),(-2, 2),(-1,),(-1, 2) 
or (1, 1), (1, 2), (2, 1), (2, 2) 
11. (a, b, c, d) 


Possible ordinates of C are (0, a), (0, -a), 


av3 -a -av3 a 
2°°2)'| WB 2 
12. (b, c) 
H is the image of D 


=> H=(0,)) 


Straight Line 


Applying power of 'O' 


aa'=bb' > b=“ 
b 


13. (b, c) 
(3x+4y +5)(x+2y +3) =0 
ioe ae => Wm => 
4 2 8 
P =(1,-2) 
wi 3 
tan@ = 24? 
i 7 
. 2 
=> te Se 
14. (b, d) 


Let C = Ga) 
1 ,. BR 2|=20 
2 


> A-2=45, 1=7,-3 


C =(7, 5), (-3,-5) 


15. (a, b) 


1. 
tan @ =—,sin0 = ,COS = 


7 

Sy) 

AP => V2 cot 30° =2 23 
1 5V2v¥3 7 1 Sage 
2 2 5/902 2 5/2 


. 1 5¥2v3 7, 1 5V2v3 1 
NE ews 2. Sie 


= a-(E28 8) 


2 2 


N 

wl 
roy 

NI 


A= 
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1+7V¥3 1+v3 
2 ie 
16. (a, b) 
L must be angle bisector of L; and Ly 


Lis given by 
3x+4y-1_5x-l2y+2 


5 13 
— 14x+112y -23 =0, 
64x -8y -3=0 


17. (ec, d) 


P will be on line parallel to y=x ata 


perpendicular distance of ass 


V2 


locus of P willbe y -x =lory-x=-1 


18. (a, ec) 


Other vertices are 
a y. ae + b2 b 
2 2 b2 4 42 ° 


2 2 az + b2 

al Va? 45 b 
DD a 
b va* +b? a | 
2 2 az + b2 
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19. (a, b, c, d) 21. (b, d) 
m, 9 m,—Mg9 4 5c -2 ,pomen 
m, 2 1l+mym, 9 4 4 
=> 9m2 -9m, +2=0, P= "BC = 2 Val 
9m2 +9m,+2=0 4 
' 2 1 Poa a . 
2 a8 Bd 
2 
=> y=3x,3y =2x 
m od os 2 
2 3” 1 2 
=> 3y=x, 2y=3x 
—2 
Mo 3 fa 
>3x+y=0,2x+3y=0 
_ 1 _-3 
e231 Intersection point of diagonals can be 
=> x+43y=0,3x+2y=0 [a+3 Ja 5 areal 4 )}: 
20. (a, b, c, d) 8 /41) 2 8 V41 
3 5 )\9 3 4 
or |1-~/41 : J41 
| alee rer al 


a—f “= 
oo 
a-B_ nm ,3n Hence, [d]=6 and 4 
2 4 4 22. (a, d) 
cog =F 1 1 A. 
2 a2 a, i ee 
J6 2 
: (2-2) 1 V6 
sin| = 5 
2 2 


Angle made by L with positive x-axis 
can be 


Straight Line 


at sand 7 +7 Applying C; > C, + Co, we get, 
: : 1+) gaia | 
eer als D=|Xo+2 Yo 1/=|-3™e 
12 12 X3+Y¥3 Y3 1] |-8 3 
23. (a, d) 
xX, yy 1 
D=|xX2 yo 1 


eee 
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SOLUTIONS (3) 
Comprehension: (1) 3. (©) 
Equation of line PM: som 3 +tan@ 2 /143tand 2 
y —1=tan0(x-D Ce +(e -1) +( 1+tan0 -1) 


Intersection point 'Q' of AC and MP 
4—-x-1=tan0(x-1) 
3+tan@ 1+3tan0 


—. = ; 
eE aoe | 
Area of AAPQ = modulus of 


1 1 ill .2 
£ 9 5 i|-2-tane 
2/3+tan® 1+3tan0d 1 1+ tan 60 


1+tanOé 1+tan0 
1. (d) Area of quadrilateral BPQC, 


Anzxax2-{ en) 
2 1+tand 
_3+4+5tan0 
~ 14+tané 
2. lana 5 2 
1+ tan@ 


0 <(0,4] = 1+tan0e(1,2) 


=> Ae(B3,4) 


4 


(sin 8 + cos @) 2 


_— Seems (0,7 
1+sin20 4 


=> (PQ)? €(2,4)> PQ €(v2,2) 


C omprehension: (2) 


(0,1) D GAN) 


1. (d) 


Area of CDFE, 


ACQS ox? Si ¥) 

1l4+x-x8 

2 
+4 = 

eee eee Eee 
oe 2 2 8 

1 
at x=— 


Straight Line 59 


0 
y ae 
© (1,1) 2 tas 


tan 8 = = 
= tan? — 
2 
9 5-1 


=> tan—= 
2 2 


Xx 


9 
AE =10tan— =5(/5 -1) 
£4)? _(PB)* +(PC)ge (PD)" ae 


=(a7 +y7) -(a7 +87) 


4(B2 +82) —(y2 +p) = 5x10 x5(V5 -1 


.. Area of region required = shaded area 


-0 =25(/5 -1) 


C (6, 8) 


C(t) B 


3 (1,9) 
Q 


|__ Aeo) B(1,0) 2.(b) A 


1 1 

5 YO =a 
2 
3 


(Perimeter of ARBC) win 
=(RB + RC) pin + BC 
=(RB'+RC) min + BC 
=B'C + BC 


D 
Xx 
(10, 0) 


a. 6 


R =(3,0) 


1. (d) 
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=> 2x? #y") -—4x-3y=0 


: = oe y =2(10 — x) 
a 3. (c) Equation of AB is 
Area of rectangle, A(x) =2x(10 — x) x ff 
x € [6,10] ai” 3k 
(A) max =A(6) =2 x 6 x (10 — 6) = 48 3 
put (2.2) 
Comprehension: (4) 


1. (a) Intersection point of lines is (2.3) 7 


[z= (3h, 0) 


2 1 
et 
3h 2k 
4k + 3h=6hk 
=> 3x+4y-6xy =0 


1 


ae 
ba ak (; omprehension: (5) 
3 1 3 1 
put) 2,—|> —+—=1 1. (d) Area of ADEF =— area of ABC 
h 4k 4 


103) 


> 4k +3h=4hk 
— 3x + 4y =4xy 
2. (b) Equation of AB is 
hx + ky =h? +k? 


Put (2.3) 
2 


Qe Dame a1) 


= ; x F x6x4=3 
2. (b) Equation of perpendicular bisector of 
AC is 
y.—1=—2(39¢—5) 
> J eee 
perpendicular bisector of BC is 


Straight Line 


| =D (4-1) (7-1) 


x=4 
Circumcentre =(4,3) 
=> R = (4-1)? Cees 
=> a+b+R=44+34+5=12 


3. (c) O =circumcentre, G = centroid 


= (t2) x0? 2) 
| 


ae 
H (17 1) O (4, 3) 
AN cer 
L be >) 
y= (9, -5) 
Comprehension: (6) 


1. (c) Equation of AB is 


ee => 2x+y=16 


8 16 


perpendicular distance of (2, 2) from 


AB 
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_|4+2-16| 10 -2,/5 = /20 
V5 V5 


2. (a) Put (A,A) to eqn. of AB 


Cc B 


=> 244+’A=16 => nas 


Sum of coordinates of P = 2A = - 


. 


(i, 16—22) 


Area of rectangle PDOC 
=i(16 — 2A) =30 
=> 7-8+15=0 
(A -—3)(A -5) =0 
=> i=3,5 >P =(83, 10), (5, 6) 


C omprehension: (7) 
at+b+ va? +b? = ab 


(2a + 2b-ab)* =4(a? +b”) 
8ab + a*b? — 4ab(a + b) =0 
ab -4a-—4b+8=0 
(a—4)(b- 4) =8 =2x4,1x8 
(a, b) =(6,8) or (5,12) 


YUL J 
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1. (b) No. of ordered pairs (a,b) =2 3. (d) x2 (y 3) si 


2. (d) For maximum perimeter, 2 
a=5, b=12 => Maximum perimeter P lies in region as shown 
=5+12+4+13=30 
fi D (G 
3. (a) For minimum area, a=6, b=8 (0,5/2) 
Minimum area = , x6x8 =24 (0,3/2) 
(0,1/2) 
C omprehension: (8) | é : 
1. (c) d(P, AB) < d(P,BC) Area aM” as ® 
d(P, AB) < d(P,CD) 2 2 
d(P, AB) < d(P, AD) ; 
C omprehension: (10) 


= | 


(3/2,3/2)  (7/2,3/2) 


oobecsocneccace cheese cocks 


A| (0,0) B(5,0) 
=> Plies in region as shown 


Ard Wi > x (54.2) =24 
Wy 4 


2. (d) d(P, AB) = d(P,BC) 


m;.—m 
d(P, AB) = d(P,CD) tan@ = 2 ho 6 24 
1+m,,m,, 30-2 )(6-A 
d(P, AB) > d(P,AD) 2 te || 2 
6 24 
(38 -A) 18 
aN (A - 18) 
a (5/2, 5/2) ae d Gan6y= 18(A — 18) (A —58) 
E dh (A. gs) 4 
1. (c) tan0 is maximum at A =18. 
T 
= Plies in region as shown 2. (b) (tan 9) max > O> O0= a 
Area = Lu x 1x 1 = 7 
2, 2 4 


Straight Line 63 


m,; —m _ 
3. (b) tand = lL Ly _(A-38)18 y 


Lem, mp O18)" 


18(18 —A)(A —58) C(a,a) 
(%=i18)* 


* (tan 6) = 


tan 0 is maximum at’ =58 


a 


Comprehension: (11) 
AODE ~ ACDA 
Bete ee Go a 
a 5 4 


1. (c) Area of square = a? =49 


3 
=> E=(0,2.| _ |e 
4 2. ) F ={ “a)=( Z7) 


Simla ABFE ~ ACEA, 3. (ec) Circle circumscribing AAO’E has AE as 


diameter. 


Equation of circle is 
fer 7) + (9 30) =0 


> A(x? + y? —7@M-—21y =0 
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SOLUTIONS (4) 
A = AN + BM +MN> AM + BM 
ssertion and Reason => AM+BM<AC+BC =a) 
1. (A) P and Q are harmonic conjugates, SimilarlyBM +CM<AB+AC_...(2) 
=> AP,AB, AQ are inH.P andCM + AM < AB+BC ...(3) 


A M P B Q 


a—" Ol 
=> —=——S+ 
AB AP AQ 
) 1 1 


2(BM) BM+MP BM+MQ 
=> (BM)* =(PM)(QM) 
A(X; Y1) | 


2x, +X 2yi to] 1 
~~ § D 


ey 
2. (A) , 


| B (Xp, Y2) C(X3; Y3) 


2x, + 2 
xy X24 x4 Ad ED. 5. 
fe 3 3 
D, 2 


J3 


6 ‘ 6 
P lies in side the AABC 
=> Area of APBC < area of AABC 
3.(C) If P< AB, 2 lines exist 
P =AB, 1 line exist 


P>AB, no lines exist. 


(7 +Xo4+3x3 2, +y2 23) 


4. (A) N 


AC +BC =AN+ NC +BC>AN+BN 


Adding (1), (2) and (3) 
=> AM+BM+CM<AB+BC+CA=P 


5. (C) Let lines be 


x+2y+3=0 
x+2y+4=0 
x+2y+5=0 
1 2s 
12 4 
lie! 5) 


=0, while lines are not 


concurrent. 


6. (A) 7 =m, bm? +2hm +a=0 
x 


=> a+b+2h=0 => me=lisaroot. 
If by” + 2hxy + ax*=[ax + y(2h+ a)] 


(x- y) 


equating from both sides coefficient of 
2 


Jy 
=> b=(2h+a) 
3a_ b 


7. (A) 3a+2b+4c=0 => er ae 


=> ax+by+c=0 passes through fixed 


point (; >| 
4°2 


Let pa+qb+rc=0 
> Leet) 
r r 


=> line ax+by+c=0 passes through 


fixed point (2 ; 2) 
ror 


Straight Line 


8. (A) Shift origin to (20, 22) 
9. (C) 2xy +3x-4y -6=0 
(x -2)(2y +3) =0 
10. (A) [2(cos 0, cosO5 +cosO5 cos03 + 
cos03 cos0,) +cos? 0, +cos* 0, + 
cos* 03] 
+[2(sin 0, sinO, + sinO, sinO3 + 
sin@, sin@,)+sin?6, +sin? 0, 


+sin? 03]=0 
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=> (cos0, +cos@,5 + cos03) + 
(sin6, + sin05 + sin®3)7 =0 
=> cos0, +cos05 +cos03 =0 
and sin0, +sin0, +sin03 =0 
=> Centroid and circumcentre of AABC are 
at origin. 
=> AABC is equilateral 


.. Orthocentre of AABC is also origin. 
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SOLUTIONS (5) aaa 
M 3 (4)? 
atch the Columns: A 4 
. ae 
1. a-p, b-s, c-q, d-r oe ae (* + 4+ ‘) 
2 
D (0,V3 
° : _13(4) _ 2 
6 3 
oie ae In radius of ADEF , 
La) : a. 
oe 
ee (2 +o ) 3 
A 2 
Point A,B,C are excentres wrt. to TABC_ 9 
ADEF , "DEF 
2 
—2(0) + 2(1) + 2(-1) 2 1 16 
A= 5 b AH =| = 3 —— 
[ -24+2+2 omy) [+8] 3 
-2(4/3) + 2(0) + 20 Ss [(AH)2]=5 
iol (co) (ya + ¥n + Ye)? =(V3)? =3 
; (=e eG IO} (a) ie =4 
ea 2. a-t, b-s, c-p, d-q 
=2(0) + 2(0) + 20/3) | (5/3) 1 2a a| 
-24+2+2 (a) |1 3b b/=0 
1 4c c 
—2(-1) + 2(1) + 2(0) 
= __ = = _ 
( 24242 > =—bc —2a(c —b) + a(4c — 3b) 
=—bc + 2ac —ab 
EOSIN) = (2,3) e242 
—24+2+2 bac 
Orthocentre H of AABC is the incentre 7 i 7 1 ‘ ‘ 
of ADEF (b) - . ee c+ac—5ab=0 
—- Jal -(0.4. C= 
13 (c) |b 3 1/=0 
(a) In radius of AABC, oes 


=4b-3c-—4a+2c+3a-2b 
=2b-a-c=> a+c=2b 


Straight Line 


aac 
(d)|c c b/=0=ab-c*+0 

101 

=> c?=ab 


3. a-r, b-q, c-s, d-p 

(a) a+c=2b > a+c-2b=0 
=> ax+by+c=0 passes through 
fixed point (1, -2). 

(b) Perpendicular distance of P(A,4—A) 
from 4x + 3y =10 

|4A + 3(4 -A) —10| 

_ : _ 
=>|0+2)=5 => A=-245=3,-7 
P =(3, D,(-7,41D 

(c) Point B = (-1,2) 


1 
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4. a-p, b-r, c-q, d-s 
(a) 2a7 +a—-3=0 
(2a+3)(a-—1) =0 


=> aeé(0,1) 
No. of integral values of a =0 
(b) a7 +a-2=0 


=> (a+2)(a-1)=0 => a=-2,1 


(-2, 4) 


—2 -3/2 12 4x+ 4y =3 


4a* +4a-3=0 
(2a -1)(2a+ 3) =0 
ly 3 


> dae Ee U » 
—2 2 


values of a of form . are aa : a 
3 3. 3 


(c) Slope of line joining (t —1,2t + 2) and 
. 2t4+2-t 
ea” Le 
t-1-2t-1 


slope of perpendicular bisectors of 
points is 1. 
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(d) Images of A wrt. y=x and y =0 lies 


on BC which are (2, 1), (1, -2) 
A(1, 2) 


‘. Equation of BC is y=3x-5 


xX 


Perpendicular distance of A from 
ao P24 
10 
d(A,BC) = 4. 
10 
= 10 d(A,BC) =4 
5. a-q, b-r, c-s, d-p 
If P lies between L, and L., then 
[E 
dyp-at x Pha. i 
2 
—___—_——|, 
ne 
+(d34 + do3 + a) 
= dio + 2do3 SF d34 +20 


a €(0,d,.) 
If P lies between Ly and L3, then 
Ly] 
Lo 
a4 xP ie 
ee 
K =dyz + (do3 —a@) + (a) + (dg4 + a) 


= dj ot 2do3 ate d34 
If P lies between L3 and L4, then 


Tl 


Lo 
Q Px} d34- Q % 
[es z 


K=dy + do3 +a+d53 +at+a+dg3q 10h 
If P lies above L; 


SSS 
K =a +(dyy +a) + (do3 + dy +0) + 
(d3q4 + do3 + dy +a) 
K =2dy9 + 2do3 + d34 + 4a 
If P lies below L4 


, a>O 


K =(dyg + do3 +d34 +a) + 
(do3 +dg4 +a) +(dz4 +a) +0 
K =dy_ +2do3+2d34+4a , a>O0 
6. a-1, b-p, c-s, d-q 
(a) y=x+1 


ae(=.2), 8-( 2,2) 
Bax8 6° 6 


Straight Line 
(4? 52) 
a—— 


’ 


3 6 


(b) P((2 -t)x, +(t —Dx2,(2-Dy, 
+(t —l)yo) 
divides (x1,¥ 1), (X2,¥2) internally 
in ratio (t-1): Q2-t) 
~ (t-D@Q-H>0 => te(,2) 
(c) t €(O,1) 
(see from figure) 


and cl #2 
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similarly for B, x = s zl 
1-13 V13 -1 
te - s-1}U} 1, 5 


Let B bx 


15x, —240 
4 
15x, +240 
by 
Midpoints of AB and AC _ are 
M a 15x, — 240 

2, 8 


eT x2 Ze + 240 
2 104 


lie on 15x-25y+240=0 = and 
15x — 4y —240 =0 respectively 

xX, =20 and xy =36 

B(20,15) and C(36, 15) 

a=BC =16, b=CA=39 

and c=AB =25 


incentre J (21,12), centroid G & 10}, 


excentre opposite to C,I,(-4,7) and 
orthocentre is (0,63). 
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SOLUTIONS (6) 


Subjective Problems 


1,40) ka e8ehe7o ge 
2, 5 


P(3,1) 


L_ 


But Aya, = Radius of circle with 


diameter PQ = = < ta 
2g 95 
= Nosuch triangle exists. 


2. (1) 


Q(6,5) 


By =y* 
> y=0,2>5>A=(4,2) 


4y=y? 
=> y=0,4>8B (16,4) 
=> ae(2,4) 
Number of integral values of a =1 
3. (3) (a7 +ab+D)()>0 VaeR 
=> D<0=>b7-4<0 


4. (6) 6x? -axy -3y? -24x+3y +B =0 


=> be(-2,2) 


Intersection point of lines lies on 


x-axis. 


Put y =0, 

=> 6x*-24x+B=0 must have equal 
real roots 

=> D=0= (24)* -248=0 >p=24 
Apply condition of pair of lines, 
i.e., abc + 2 fgh — af” — bg” —ch* =0 


3 CS 
=> 6(-3)B +(-0)(-12) 5 6{ 3] 


3 
4-302)? -9(S] =0 


=> -18(24)+18a _ 


+3(144) -6a7 =0 
={ 607-184 +=" =0 
=> 4a7-120+9=0 
=3/2 200 —B =6 
5. (3) Perpendicular distance of (2,3) from 
line 3x+4y —-5=0, 
_,|3(@) + 4@) -5] _ 13 
5 5 


l+sin*0<P,;V@ER => n,=0 


Hence, 


Py 


Perpendicular distance of (1,3) from 
line3x+4y-5=0, 
3412-5 
= |3 + 12-5] =9 
5 


sec* 0 + 2cosec*0>3> Py VOeER 


Po 


Equation becomes, 2x” —6x =0 
=> x=0,3 


Hence, sum of roots =3 


Straight Line 


6. (14) a+c-—2b=0 
=> ax+by+c=0 passes through fixed 
point (1,-2). 
=> B=(1,-2) 


C(A,4) 


B(1,-2) 


Slope of BC mg! _ 4g 

4-1 i-1 
4-1=-18>X=-17 
C =(-17,4) =(h,k) 
2h+12k=-34+ 48 =14 
7. (5) (8x+7y+1Dsec0+(5x-3y -1)) 

cosec 8 =O passes through intersection 

of 3x+7y+11=0 and 5x-3y-11 

=0V permissible values of 0 given by 

(Ge 2) 


B(1,-2) 


= B=(1,-2) 
It is clear that | PA — PB|< AB 
=> |PA-PB| max = AB = V6" +2” 
=2/10 >n=5 
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8. (2) By observation, directly equation must 
be 


(4x7 -4xy + y?) +2(2x- y)+1=0 
or 4x? -4xy+ y? -2(2x- y) +1=0 

(2x-y+1)* =0 or (Qx-y-1)*=0 
i.e.,4x7 —4xy + y?2 +4x-2y +1=0 
or 4x? —4xy + y* -4x4+2y+1=0 

a, +b, +c, +ay +by +Cy =14+ 4-2 


+1-4+2=2 
9. (8) Vertices of square are 


i.e. (5,9), sw, 9), ,5) 
max(y Y22N3 Ya) —min 
(21 WA. X3,%4) =9-1=8 


10. (8) Slope of AD = Nal 95 4.=5 


Equation of AB is 
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y -2 =——(x -0) 
4y -8=3x 
y=-—x+2 


11. (2) a+2hm + bm? =0¢ 


2h 
wherem => >m, +m? =-—;m; = 
x 


i 
b b 


8h° =f 2)3 m3 6 


+3m?(m, +m?) 
a a 3a( 2h 
=—+ + 
b p2  b b 
8h? _ab+a? —6ah 
b b 
= ab(a+b)-—6abh+8h°* =0 
> a+P=8-6=2 


12. (7) Let slopes of BC,CA,AB be -1,-2,3 
respectively. 


=> 


=> Slope of AH =1=> A=(x,,5q@) 


Slope of BH =5=>8 -[¥2.3*2] 


Slope of CH =-55 C (x32) 


SF) and 

» 26 3 2 
Slope of BC = te Ba: 

Xg-X3 6(xX2 -x3) 


=-1>5 9x, =4x5 


X3 
Slope of CA = So) 
X1 —X3 
3 
Oe iss Geass een 9x, =5X3 
3(x1 -X3) 
x42 
5 
3h=x3 4+ *3 _ =2X3 (1) 
Fak: 2X3 X3 4x3 (2) 


+ 
9 9 3 9 
From eqs. (1) and (2), we get 
k 2 


=—>y=—x; b-a=9-2=7 
y= 


3 -4 25 
228-2, 
5 s 5 


Line, L passing through midpoint of 
sides AB and AD passes through F. 


> 3x-4y=0> |a+b+cl43-4|=1 


Straight Line 


14. (2) Image of (1,4 — 1) wrt. 
3x+y-6A =O0is 
x--’_ y-Q-1) 
3 1 


__9 34.4+4—-1-6) | 
9+1 


2441 
5 


es (As a 
oy — 5 2 5 


-02 +1) 34-F4 

= K=2 
15. (3) L; =y= 
x 


Ly =—+ 


i =| 
a b 


Put (1,1), 


A>2=> A is minimum when a =b=2 


lg =x+y=2 
Area of ABC == x4x2=4 


= |p-ql=4-1=3 


ev ell 
16. (6 2,4 
(6) ai + [2,4] 


V2 


17. 
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If y>x and y+x=0 
= y e[V2,2v2] 

Ify<x and y+x<0 
= ye[-242, -V2] 

Ify>x and y+x<0 
=> Mey-28), -/2] 

Ify<x and y+x20 
=> Mi <(/2,ee | 
Area of region 

= (4/2)? -(2 /2)? =32-8 =24 
(4) Area = Mod of 


1/% 20+3 j 

1 2 1]=>|-a +20 +3- 1| 
2/2 3 1 
ja +2| 


€[2,3) 


=> ae(-8,-6] U[2,4) 
=> (a,B) =(-7,-11),(-6,-9),(2,7),(3,9) 


Number of possible co-ordinates of 
A=4 


18. (0) 1+m=0 
toms)? - +. pt+q=3 
Cie, 
2p 
20. (0) Sl fA =e 
(0) Slope o eal Aol 
2p 


> a= 


= 
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2B+1 3y+1 


Slope of BC = 


Equation of AC is 


38 2p 

28 _|1-B B+1 [> 2) 

B+1 B 2p B+1 
1-B B+1 


=> (x+y)-BGBy-5x + 4) =0 


which passes through fixed point 


¥) 


h+k=0 
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1. EQUATION OF A CIRCLE IN VARIOUS FORM 
(a) The circle with centre (h,k) and radius 'r' has the equation; 
(X=h)* +(y -k)? =r? 


(b) The general equation of a circle is x? + y + 2gx +2 fy +c =0 with centre as: 


(—g,—f) and radius = Je? + f2-c : 


Remember that every second degree equation in x and y in which coefficient of 


x? =coefficient of y? and there is no xy term always represents a circle. 


If g*+f7-c>0= _ real circle. 
g-+f?-c=0=> _ pointcircle. 
@+f*%-c<0> imaginary circle. 


Note that the general equation of a circle contains three arbitrary constants g, f and c which 
corresponds to the fact that a unique circle passes through three non collinear points. 


(c) The equation of a circle with (x,,y,) and (x,y) as its diameter is: 

CoG lO ay - y2) =0. 
Note that this will be the circle of least radius passing through 
(x1, V1) and(x,,V_). 
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. INTERCEPTS MADE BY A CIRCLE ON THE AXES: 


The intercepts made by the circle x? + y? +2gx +2 fy +c=0 on the co-ordinate axes are 


2/g7-c and2,/f?-c respectively. 


Note: if g*-—c>0= circle cuts the x-axis at two distinct points. 


If g?=c => circle touches the x-axis. 


If g2<c  =>circle lies completely above or below the x-axis. 


. POSITION OF A POINT w.r.t. A CIRCLE 


The point (x, 1) is inside, on or outside the circle x? + y* + 2gx +2 fy +c =0 according as 


x,? a + 29x, +2 fy, +cS0. 


Note: The greatest and the least distance of a point A from a circle with centre C and radius r is | AC +r| 
and | AC —r | respectively. 


(x1, ¥1) 


LINE AND A CIRCLE 


Let L =0 bea line and S =0 be a circle. If r is the radius of the circle and p is the length of the 
perpendicular from the centre on the line, then : 


(i) + p>rs< the line does not meet the circle i.e. passes out side the circle. 
(ii) p=rs< the line touches the circle. 

(iii) p<r< the line is a secant of the circle. 

(iv) p=0= the line is a diameter of the circle. 


PARAMETRIC EQUATION OF A CIRCLE 
The parametric equation of (x — h) Ba ( y-k) 2 _r* are: 


x=h+rcos0 ; y=k+rsin0 ; -~<@<7n where (h, k) is the centre, r is the radius and 0 isa 


parameter. 
Note that equation of a straight line joining two point « and B on the circle x” + y* =a? is 
a + ._ at a - 
x COS Bean Be aceg B 
2 2 2 


Circle 


6. TANGENT AND NORMAL 


7. 


(a) 


(b) 


(c) 


(d) 


ae 


The equation of the tangent to the circle x? + y” =a’ at its point (x1, ¥}1) is, 
XX, + VV = a*. Hence equation of a tangent at (acosa,asina) is ; 
xcosa + ysina =aThe point of intersection of the tangents at the points P(a) and Q() is 


a+ « OF 
acos < asin B 


The equation of the tangent to the circle x? + y* +2gx +2 fy +c =Oat its point (x,,y1) 
is xx + WY, + O(x+x1) + fly + yi) +c¢=0. 
y =mx + cis always a tangent to the circle x? + y* =a? ifc? =a7(1+m7) and the point 


: a2m a’ 
of contact is | -——— , — |. 
c c 


If a line is normal / orthogonal to a circle then it must pass through the centre of the circle. 
Using this fact normal to the circle x? +y7+2gx+2fy+c=O0 at (x,,y1) is 


+ 
yy, re — 2). 
Xz, +8 


A FAMILY OF CIRCLE 


(a) 


(b) 


(c) 


(d) 


(e) 


The equation of the family of circles passing through the points of intersection of two 
circles s; =O and sy =0 is:s, + ks, =O(k¥-1). 

The equation of the family of circles passing through the point of intersection of a circle 
S =0 anda line L =0 is given S + kL =0. 

The equation of a family of circle passing through two given points (x1, y,) and (x2, V2) 
can be written in the from : 


x y 1 
(x -—x1)(x-x9) +(y -y1)(y¥ —¥2)+ Kix, yy 1/=0 where K is a parameter. 
X2 Yo 1 


The equation of a family of circles touching a fixed line y —- y; =m(x — x;) at the fixed 
point (x,y 1) is (x _ Xun +(y ~ ye + KLy —y, -m(x-—x,)]=0, where K is a 
parameter. 

In case the line through (x, y,) is parallel to y-axis the equation of the family of circles 
touching it at (x1, v1) becomes (x — x1)? +(y =y,)? +K(x — x1) =0 

Also if line is parallel to x-axis the equation of the family of circles touching it at (x, ,y1) 
becomes (x — x,)? +(y -y,)7 + K(y —y;) =0. 

Equation of circle circumscribing a triangle whose sides are given by L; =0 ;L, =O and 
Lz =Ois given by ;L,Ly +ALjL3 + uL3L, =0 provided coefficient of xy =0 and coefficient 
of x* = coefficient of y?. 
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10. 


11. 


(f) Equation of circle circumscribing a quadrilateral whose side in order are represented by 
the lines L, =0,L =0,L3 =OandL, =OisL,L3 + AL2L, =0 provided coefficient of x? = 
coefficient of y*and coefficient of xy =0. 

LENGTH OF A TANGENT AND POWER OF A POINT 


The length of a tangent from an external point (x1, y,) to the circle 
S=x? i +2gx+2fy+c=Ois given by L= yx," ae +29x, +2fipyte = JS}. 


Square of length of the tangent from the point P is also called THE POWER OF POINT wrt. a 
circle. Power of a point remains constant w.rt. a circle. 


Note that power of a point P is positive, negative or zero according as the point 'P ' is outside, 
inside or on the circle respectively. 


DIRECTOR CIRCLE: 


The locus of the point of intersection of two perpendicular tangent is called the DIRECTOR 
CIRCLES of the given circle. The director circle of a circle is the concentric circle having radius 
equal to V2 times the original circle. 


EQUATION OF THE CHORD WITH A GIVEN MIDDLE POINT 
The equation of the chord of the circle S =x? + y* +2gx +2 fy + c=0 in terms of its mid point 


xy + 


M(x1,¥1) is y-y1 = FO x,). This on simplication can be put in the form 


1 
XX, + WW, + A(xX4+%x,) + flytyi)+e¢ =x," + oe + 2gx, +2 fy, +c which is designated by 
T =S). 
Note that the shortest chord of a circle passing through a point 'M' inside the circle, is one 
chord whose middle point is M. 


CHORD OF CONTACT : 
If two tangents PT, and PT, are drawn from p(x,, y,) to the circle 
S =x? +y* +2gx+2fy+c=0, then the equation of the chord of contact T;T, is : 


xX, + WY + (xX +X) + fly t+ yi) +¢=0. 


REMEMBER: 

(a) Chord of contact exists only if the point 'P' is not inside. 
2LR 
VR* 417 
(c) Area of the triangle formed by the pair of the tangent and its chord of contact 
RL? 

R242 
S =. 


(b) Length of chord of contact T,T, = 


Where R is the radius of the circle and L is the tangent from (x,, y;) on 
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12. 


13. 


2RL 
12 


(d) Angle between the pair of tangents from (x,, y,) =tan Z| 


radius ; L =length of tangent. 
(e) Equation of the circle circumscribing the triangle PT, Tis : 
(x-x,)(x+ 94+(y-yI(+ f) =0. 
( The joint equation of a pair of tangents drawn from the point A(x,, yj) to the 
circlex® + y* +2gx +2 fy+c=Ois: SS, =T?. 
Where S=x7+y*+2gx+2fy+c=0; Sy =x," Hye +29x, +2 fy, +¢ 
T =xx, + yy, + Ox+x,) + flyt yi) +e. 


POLE AND POLAR 


(i) ‘If through a point P in the plane of the circle, there be drawn any straight line to meet the 
circle in Q and R, the locus of the point of intersection of the tangents at Q and R is called 
the Polar Of The Point P ; also P is called the Pole Of The Polar. 


(ii) The equation to the polar of a point P (x,,y 1) want. the circle x* + y? =a? 


is given by 
XX, + YW = a”, and if the circle is general then the equation of the polar becomes 


xXy + Vy + A(X 4F+X,) + fly + yz) +c =0. Note that if the point (x, , y,) be on the circle 
then the chord of contact, tangent and polar will be represented by the same equation. 
eee : C j B) py: D> Aa” Ba? 
(iii) Pole of a given line Ax + By +c =0 wrt. any circle x“ + y~ =a“ is] -——— ,—— |. 
c c 
(iv) Ifthe polar of a point P pass through a point Q, then the polar of Q passes through P. 
(v) Two lines L, and Ly are conjugate of each other if pole of L, lies on Ly and vice versa. 
Similarly two points P and Q are said to be conjugate of each other if the polar of P passes 
through Q and vice-versa. 


COMMON TANGENTS TO TWO CIRCLE 


(ij) Where the two circle neither intersect nor touch each other , there are FOUR common 
tangents, two of them are transverse and the others are direct common tangents. 


(ii) When they intersect there are two common tangents, both of them being direct. 
(iii) When they touch each other : 


(a) EXTERNALLY: There are three common tangents, two direct and one is the 
tangents at the point. 


(b) INTERNALLY: Only one common tangents possible at their point of contact. 
(iv) Length of an external common tangent and internal common tangent to the two circles is 


sivemiby feed —(r, —f.)? andl, =/d7 —(r, +f)?. 


Where d = distance between the centres of the two circles. r, and r, are the radii of the 
two circle. 
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14. 


15. 


(v) The direct common tangents meet at a point which divides the line joining centre of circles 
externally in the ratio of their radii. 


Transverse common tangents meet at a point which divides the line joining centre of circles 
internally in the ratio of their radii. 


RADICAL AXIS AND RADICAL CENTRE 


The radical axis of two circles is the locus of points whose powers w.r.t. the two circles are equal. 
The equation of radical axis of the two circles S; =0 and S4 =0 is given ; 


Note That : 
(a) If two circles intersect, then the radical axis is the common chord of the two circles. 


(b) _ If two circles touch each other then the radical axis is the common tangent of the two 
circles at the common point of contact. 


(c) Radical axis is always perpendicular to the line joining the centres of the two circles. 


(d) Radical axis need not always pass through the mid point of the line joining the centres of 
the two circles. 


(e) Radical axis bisects a common tangent between the two circles. 


(f) |The common point of intersection of the radical axes of there circles taken two at a time is 
called the radical centre of three circles. 


(g) Asystem of circles , every two which have the same radical axis, is called coaxal system. 


(h) | Pairs of circles which do not have radical axis are concentric. 


ORTHOGONALITY OF TWO CIRCLE 

Two circles S; =0 and S, =0 are said to be orthogonal or said to intersect orthogonally if the 
tangents at their point of intersection include a right angle. The condition for two circles to be 
orthogonal is : 


22182 +2fi fo =C1 +2. 


Note: 


(a) Locus of the centre of a variable circle orthogonal to two fixed circles is the radical axis between 
the two fixed circles. 


(b) If two circles are orthogonal, then the polar of a point 'P' on first circle w.r.t. the second circle 
passes through the point Q which is the other end of the diameter through P . Hence locus of a 
point which moves such that its polars w.rt. the circles S, =0,S. =O and S3 =Oare concurrent in 
a circle which is orthogonal to all the three circles. 
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EXERCISE (1) 


Only One Choice is Correct: 


1. 


Circles of radii 36 and 9 touch externally. The radius of the circle which touches the two circles 
externally and also their common tangent is: 

(a) 4 (b) 5 

(c) 17 (d) V18 


. A(O,a) and B(O,b),a,b>0O are two vertices of a triangle ABC where the vertex C(x,0) is 


variable. The value of x when ACB is maximum is: 


@ S* (b) ae 
2ab ab 
() a+b xd) a+b 


. Acircle passing through origin O cuts two straight lines x —- y =O andx + y =Oin points A andB 


respectively. If abscissae of A and B are roots of the equation x” + ax + b =O, then the equation 
of the given circle is: 


(a) x7 + y*+ax-by=0 (b) x? + y?-xV4b-a” + yb=0 


(c) x*4+y*%+4+ax+ yva" - 4b =0 (d) x? + y?-ax +yVa" — 4b =0 


. The minimum distance between the circle x? + y? =9 and the curve 2x” + 10y? + 6xy =1is: 
(a) 2V2 (b) 2 
(2/3 - v2 GQ. ga: 


V11 


. A pair of tangents are drawn from a point P to the circle x? + y” =1. If the tangents make an 


intercept of 2 on the line x =1, then locus of P is: 
(a) straight line (b) pair of lines 
(c) circle (d) parabola 


. Let ABCD be a quadrilateral in which AB||CD, ABLAD and AB =3CD. The area of quadrilateral 


ABCD is 4. The radius of a circle touching all the sides of quadrilateral is: 


(a) sin (b) sin = 


ae: ae: 
w 4 a 
(c) mn (d) sin 


. Acircle with center (2, 2) touches the coordinate axes and a straight line AB where A and B lie 


on positive direction of coordinate axes such that the circle lies between origin and the line AB. 
If O be the origin then the locus of circumcenter of AOAB will be: 
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11. 


12. 


13. 
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(a) xy=x+yt 1x74 y? (b) xy=x+y-yx74+y? 
(c) xy+x+y=yx*+y? (d) xy t+x+y+Jx?2+ y? =0 


. The value of o for which the point (a,@ + 2) is an interior point of smaller segment of the curve 


x* + y? —4=0 made by the chord of the curve whose equation is 3x + 4y +12 =0 


(a) [-«,- 2] (b) (-2,0) 
(c) [-«.2 (d) aed 


. The equation of circumcircle of an equilateral triangle is x? + y? +2gx +2 fy +c=0 and one 


vertex of triangle is (1,1). The equation of incircle of triangle is: 
(a) 4x? + y?)=97 + f? 

(b) 4(x* +7) + 8gx+8fy=(1-9)(1+39 +(1- (1+ 3f) 

(c) 4(x? + y7)+8gx4+8 fy =g7 + f? 

(d) 4(x* + y7)+8gx +8 fy =(2-g)(1+39) +(2-f\(24+3/ 


The equation of the smallest circle passing through the points of intersection of the line 
x + y =1and the circle x? + y? =9 is: 


(a) x2 +y74+x+y-8=0 
(b) x*+y*-x-y-8=0 
(c) x? SO —x+y-8=0 
(d) x7 + yee -— y +8 =0 
Let C be a circle x* + y* =1. The line/ intersects C at the point (—1,0) and the point P. Suppose 


that the slope of the line / is a rational number m. Number of choices for m for which both the 
coordinates of P are rational, is: 


(a) 3 (b) 4 

(c) 5 (d) infinitely many 

The line 2x — y + 1=Ois tangent to the circle at the point (2, 5) and the centre of the circles lies 
on x —2y =4. The radius of the circle is: 

(a) 3V5 (b) 5V3 

(c) 2V5 (d) 52 


One circle has a radius of 5 and its center at (0, 5). A second circle has a radius of 12 and its 
centre at (12, 0). The length of a radius of a third circle which passes through the center of the 
second circle and both points of intersection of the first 2 circles, is equal to: 

(a) 13/2 (b) 15/2 

(c). 17/2 (d) none 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


In the xy-plane, the length of the shortest path from (0, 0) to (12, 16) that does not go inside the 
circle (x —6)? + (y ~8)? =25 is: 

(a) 10V3 (b) 10/5 

(c) 10V3 + = (d) 10+5n 


Four unit circles pass through the origin and have their centres on the coordinate axes. The area 
of the quadrilateral whose vertices are the points of intersection (in pairs) of the circles, is: 


(a) Isq. unit 

(b) a49 sq. units 

(c) 4sq. units 

(d) can not be uniquely determined, insufficient data 


Consider 3 non-collinear points A,B,C with coordinates (0, 6), (5, 5) and (-1, 1) respectively. 
Equation of a line tangent to the circle circumscribing the triangle ABC and passing through the 
origin is: 


(a) 2x-3y=0 (b) 3x+2y=0 
(c) 3x-2y=0 (d) 2x+3y=0 
A circle is inscribed in an equilateral triangle with side lengths 6 unit. Another circle is drawn 


inside the triangle (but outside the first circle), tangent to the first circle and two of the sides of 
the triangle. The radius of the smaller circle is: 


(a) 1/3 (b) 2/3 
() 1/2 (d) 1 
A square OABC is formed by line pairs xy =0 and xy + 1=x + y where 'O’'is the origin. A circle 


with centre C, inside the square is drawn to touch the line pair xy =0 and another circle with 
centre C 4 and radius twice that of C,, is drawn to touch the circle C, and the other line pair. The 
radius of the circle with centre C, is: 


V2 22 
:) a OF aon 
V3(V2 +) 3(/2 + 
c) v2 (d) V2 +1 
3(/2 +) 3/2 
The shortest distance from the line 3x + 4y =25 to the circle x* + y* =6x —8y is equal to: 
(0) JAB (b) 9/5 
(c) 11/5 (d) 32/5 


Two circles with centres at A and B, touch at T. BD is the tangent at D and TC is a common 
tangent. AT has length 3 and BT has length 2. The length of CD is: 
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(a) 4/3 (b) 3/2 

(ce) O73 (d) “a 

Triangle ABC is right angled at A. The circle with centre A and radius AB cuts BC and AC 
internally at D and E respectively. If BD = 20 and DC = 16 then the length AC equals: 

(a) 6V21 (b) 6¥26 

(c) 30 (d) 32 


From the point A(O, 3) on the circle x + 4x +6 y -3) 2 Qa chord AB is drawn and extended 
to a point M such that AM =2AB. The equation of the locus of M is: 


(a) x7 4+8x+y7=0 (b) x? SEX ye=sie =0 

(ce) (x-3)* +8x+ y? =0 (d) x7 +8x+8y7=0 

If x =3 is the chord of contact of the circle x” + y* =81, then the equation of the corresponding 
pair of tangents, is: 

(a) x? -8y* +54x +729 =0 (b) x* -8y? -54x +729 =0 

(c) x? -8y* -54x -729 =0 (d) x? -8y? =729 

The locus of the mid points of the chords of the circle x? + y* — ax — by =0 which subtend a 
right angle at (a/2 ,b/2) is: 

(a) ax+by=0 (b) ax + by =a* +b? 

(ie? + y* -ax by 2 +5" Ao (d) 2@eey —ax—by a+b" Wo 

From (3, 4) chords are drawn to the circle x? + y* — 4x =0. The locus of the mid points of the 
chords is: 

(a) x7 + y* -5x-4y+6=0 (b) x7 4+ y*45x-4y+6=0 

(c) x7 + y*-5x+4y+6=0 (d). x? + y? -5x-4y -6=0 

The centre of the smallest circle touching the circles x* + y? —2y=3=0 and x* + y? -8x 


—18y + 93 =0 is: 
(a) (3, 2) (b) (4,4) 
(c) (2,7) (d) (2,5) 
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27. 


28. 


29. 


30. 


31. 


32. 


In a right triangle ABC, right angled at A, on the leg AC as diameter, a semicircle is described. 
The chord joining A with the point of intersection D of the hypotenuse and the semicircle, then 
the length AC equals to: 


(a) _ ABAD (b) ABAD 
AB2 + AD2 AB + AD 
(c) VAB-AD (d) _ ABAD _ 
pee AD 


If the circle C;: x* + y” =16 intersects another circle C, of radius 5 in such a manner that the 


common chord is of maximum length and has a slope equal to 3/4, then the coordinates of the 
centre of C, are: 


(a) (22.22) (b) (+2. 2 
12 9 12 _9 
-—— ’ +— d + — ) i 
a [ 5 J y [ 
In the diagram, DC is a diameter of the large circle centered =| 


at A, and AC is a diameter of the smaller circle centered at B. E 
If DE is tangent to the smaller circle at F and DC =12 then the 7 
length of DE is: D Ly (@; 
(a) 8V2 (b) 16 

(c) 92 (@) 10v2 |_| 


Let C be the circle of radius unity centred at the origin. If two positive numbers x, and x» are 
such that the line passing through (x, ,-1) and (x2,1) is tangent to C then: 

(a) xX =1 (b) x4x2 =-1 

(c) x, +X, =1 (d) 4x1x=1 


The distance between the chords of contact of tangents to the circle 
x? + y* +2gx +2 fy +c=0 from the origin and the point (g, f) is: 


[9 2 
fem? + £7 (b) vs + fi ac 


2 
g + fr-c 5 jg +fr+e 
Big” +f? ha ah fo 


The locus of the centers of the circles which cut the circles x? + y? +4x-—6y +9 =0 and 


(c) 


x? + y* —5x + 4y —2 =0 orthogonally is: 
(a) 9x +10y —7 =0 (b) x-y+2=0 
(c) 9x -10y+11=0 (d) 9x+10y +7=0 
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34. 


35. 


36. 


37. 
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In a circle with centre 'O' PA and PB are two chords. PC is the chord that bisects the angle APB. 
The tangent to the circle at C is drawn meeting PA and PB extended at Q and R respectively. If 
QC =3,QA =2 and RC = 4, then length of RB equals: 

(a) 2 (b) 8/3 

(c) 10/3 (d) 11/3 

Suppose that two circles C; and C, in a plane have no points in common. Then 

(a) there is no line tangent to bothC, andC,. 

(b) there are exactly four lines tangent to both C, andC5. 

(c) there are no lines tangent to bothC, and C, or there are exactly two lines tangent to both 


C, andC,. 
(d) there are no lines tangent to both C, and C, or there are exactly four lines tangent to both 
Cy and Co. 
If two chords of the circle x? + y* — ax — by =0, drawn from the point (a, b) is divided by the 
x-axis in the ratio 2 : 1 then: 
ka)" > 3b" (b) a? <3b? 
(c) a? > 4b? (d) a* < 4b? 
The angle at which the circles (x — 1) 2 5 a =10 and x? + (y -2) 2 —5 intersect is: 
T T 
a) = b) = 
(a) 6 (b) i 
T T 
c) = d) — 
(c) = (d) 5 


The locus of the point of intersection of the tangent to the circle x + y? =a”, which include an 
angle of 45° is the curve (x? + a) =ha*(x? + a —a”). The value of A is: 

(a) 2 (b) 4 

(c) 8 (d) 16 


Pisa point (a, b) in the first quadrant. If the two circles which pass through P and touch both 
the coordinate axes cut at right angles, then: 

(a) a? —6ab+b* =0 (b) a* +2ab-—b? =0 

(c) a* —4ab+b? =0 (d) a? —-8ab+b* =0 


A circle of radius unity is centred at origin. Two particles start moving at the same time from the 
point (1, 0) and move around the circle in opposite direction. One of the particle moves counter 
clockwise with constant speed v and the other moves clockwise with constant speed 3v. After 
leaving (1, 0), the two particles meet first at a point P and continue until they meet next at point 
Q. The coordinates of the point Q are: 


(a) (1, 0) (b) (0, 1) 
(c) (0, -1) (d) (-1,0) 
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40. 


41. 


42. 


43. 


44. 


45. 


46. 


Three concentric circles of which the biggest is x” + y? =1, have their radii in A.P If the line 


y =x +1 cuts all the circles in real and distinct points. The interval in which the common 
difference of the A.P will lie is: 


1 1 
= b) | 0, 4— 
sa ( 3) m0 a 


(c) [0,22 (d) none 


4 


A circle is inscribed into a rhombus ABCD with one angle 60°. The distance from the centre of 
the circle to the nearest vertex is equal to 1. If P is any point of the circle, then 


| PA|? +| PB|* +| PC|?+| PD|? is equal to: 

(a) 12 (b) 11 

(c) 9 (d) none 

The value of 'c' for which the set, {(x, y) ix? + a +2x< I} A{(x, y) |x -y +c>0} contains 
only one point in common is: 

(a) (-«,-1] U[3,~) (b) {-1,3} 

© {-3} (d) {-l} 

A tangent at a point on the circle x2 + y” =a? intersects a concentric circle C at two points P 
and Q. The tangents to the circle C at P and Q meet at a point on the circle x? + y* = b” then the 
equation of circle 'C' is: 

(a) x* +y? =ab (b) x* + y? =(a-b)? 

(c) x7 + y7=(a+b)? (d) x?+y? =a? Ae 

Tangents are drawn to the circle x* + y* =1 at the points where it is met by the circles, 
x? 4+ y? -(1+6)x +(8-2A)y-3=0. % being the variable. The locus of the point of 
intersection of these tangents is: 

(a) 2x-y+10=0 (b) x+2y—-10=0 

(c) x-2y+10=0 (d) 2x+ y-10=0 


ABCD is a square of unit area. A circle is tangent to two sides of ABCD and passes through 
exactly one of its vertices. The radius of the circle is: 
(a) 2-12 (b) 42-1 

1 1 
Ce) >, — 

2 V2 
A pair of tangents are drawn to a unit circle with centre at the origin and these tangents 
intersect at A enclosing an angle of 60°. The area enclosed by these tangents and the arc of the 
circle is: 

2 
(a) —= 


ae b a 
a3 6 eae 
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49. 
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52. 


53. 


54. 
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n V3 1 
(c) 3. 6 (d) (1-2) 
A straight line with slope 2 and y-intercept 5 touches the circle, x? + y* +16x + 12y +c=Oat 
a point Q. Then the coordinates of Q are: 
(a) (-6,1)) (b) (=9;~13) 
(c) (-10,-15) (c) (-6,- 7) 
A variable circle is drawn to touch the x-axis at the origin. The locus of the pole of the straight 
line lx +my +n =0 w.r.t the variable circle has the equation: 
(a) x(my =n) -ly? =0 (b) x(my +n) —-ly* =0 
(c) x(my —n) + ly? =0 (d) none of these 
A foot of the normal from the point (4, 3) to a circle is (2, 1) and a diameter of the circle has the 
equation 2x — y —2 =0. Then the equation of the circle is: 
(a) x7 +y*-4y+2=0 (b) x?+y*-4y4+1=0 
(c) x7 +y? -2x-1-0 (d) x7 +y?-2x+1=0 


AB is a diameter of a circle. CD is a chord parallel to AB and 2CD = AB. The tangent at B meets 
the line AC produced at E then AE is equal to: 


(a) AB (b) /2AB 
(c) 2V2AB (d) 2 AB 


Points P and Q are 3 units apart. A circle centre at P with a radius of 3 units intersects a circle 
centre d at Q with a radius V3 units at point A and B. The area of the quadrilateral APBQ is: 


(a) /99 (b) a 


99 99 


: —_ .. 1 : : 
The equation of a line inclined at an angle 4 to the axis X, such that the two circles 


x7 4+ y7=4,x7 + y? -10x-14y + 65 =0 intercept equal lengths on it, is: 


(a) 2x-2y-3=0 (b) 2x-2y+3=0 

(c) x-y+6=0 (d) x-y-6=0 

The equation of the circle symmetric to the circle x* + y* -2x -—4y + 4=0 about the line 
x-y=3is: 

(a) x7 + y*-10x+4y+28=0 (b) x7 + y74+6x+8=0 

(c) x* + y? -14x -2y + 49 =0 (d) x7 +y74+8x+2y+16=0 

Consider the circles, x? + y? =25 and x? + y* =9.From the point A (0, 5) two segments are 


drawn touching the inner circle at the points B and C while intersecting the outer circle at the 
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55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


points D and E. If 'O' is the centre of both the circles then the length of the segment OF that is 
perpendicular to DE, is: 

(a). 775 (b) 7/2 (c) 5/2 (d) 3 

The locus of the center of the circles such that the point (2, 3) is the mid point of the chord 
5x +2y =16 is: 

(a) 2x-5y+11=0 (b) 2x+5y-11=0 (c) 2x+5y+11=0 (d) none of these 

If c *\ [, i), [« 2) and C >| are four distinct points on a circle of radius 4 units then, abcd 
is equal to: 

(a) 4 (b) 1/4 (c) 1 (d) 16 

A circle of constant radius‘ a’ passes through origin ‘O’ and cuts the axes of coordinates in points 
P and Q, then the equation of the locus of the foot of perpendicular from O to PQ is: 


G2 499) 4 ete? Coil? + y 292) Dt jaa? 

x2 y? x2 y? 
A) (x2 + 292] A TE aa? (a) Cx? A ieee | | = 

x2 y? x2 y? 

If a circle of constant radius 3k passes through the origin ‘O’ and meets coordinate axes at A and 
B then the locus of the centroid of the triangle OAB is: 
(a) x*+y? =@2h? (b) x* +? =(3k)? 
(c) x*4y? =(4k)? (d) x* +y? =(6k)? 
Tangents are drawn from (4, 4) to the circle x? + y? -2x -2y —7 =0 to meet the circle at A 
and B. The length of the chord AB is: 
(a) 2V3 (b) 3V2 (c) 2V6 (d) 6v2 
Tangents are drawn from any point on the circle x? + y* =R? to the circle x* + y” =r. If the 


line joining the points of intersection of these tangents with the first circle also touch the 
second, then R equals: 


2r 4r 
(a) V2r (b) 2r (c) (d) 
2-3 3/5 
The complete set of real values of a for which at least one tangent to the parabola y? = 4ax 


becomes normal to the circle x” + y* —2ax =—4ay + 3a? =Ois: 

(a) [1, 2] (b) [V2, 3] (c) R (d) R~{0} 

A ray of light incident at the point (—2,—1) gets reflected from the tangent at (0, — 1) to the circle 
x? + y* =1. The reflected ray touches the circle. The equation of the line along which the 
incident ray moves, is: 

(a) 4x-3y+11=0 (b) 4x4+3y4+11=0 (c) 3x+4y+11=0 (d) 4x+3y+7=0 
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If from a moving point P on x? + y* =4 tangents PA and PB are drawn to x* + y* =a”, then 
the locus of the circumcentre of triangle PAB, is (0<|a|< 2): 

(a) x7 +y* =a" +4 (b) x7 + y?=4-a? 

(c) x7 +y7=1 (d) x*+y*=2 

Let B and C be two fixed points of a given circle and A a variable point lying on major arc of this 


circle as shown in figure. The locus of feet of perpendiculars dropped from the midpoint of AB 


on AC is: 
~~, 


LL 
(a) Circle such that BC subtends angle tan~!(tan6) in its circumference 
(b) Circle such that BC subtends angle tan~!(2 tan 6) in its circumference 
(c) Circle such that BC subtends angle 2 tan ~l (tan 0) in its circumference 
(d) Circle such that BC subtends angle cot -1(3 tan 6) in its circumference 
For any real k, the circle x* + y* + 2kx + 2ky —8 =0 passes through two fixed points A and B. 
Locus of the point of intersection of the tangents to the circle at A and B is: 
(a) x° =4y (b) y? =4x (c) x=y (d) x+ y=0 
If a line having y-intercept ‘c’ makes a chord of length ‘a’ to the circle x? + y? =a”, then: 
(a) 4c? > 3a (b) 4c? <3a? (c) 4c? >5a? (d) c? >3a? 


-| (d) | 62.) (b) | 63.) (c) | 64.|(b)| 65.) (c) | 66.) (a) 


(a) 2.| (b) 3.) (c) 4.| (b) 5.| (d) 6.| (d) 7.| (a) 8.|(d)| 9.) (b) | 10.} (b) 


-| (d) | 12.) (a) | 13.) (a) | 14.| (c)| 15.) (c) | 16.) (d)| 17.) (a)| 18.) (c) | 19.| (a) | 20.) (b) 
-| (b) | 22.) (b) | 23.) (b)| 24.) (c)| 25.) (a)| 26.) (d)| 27.) (d)| 28.) (b) | 29.) (a) | 30.) (a) 
-| (c) | 32.) (c) | 33.) (b)| 34.) (d)| 35.) (a)| 36.) (b)| 37.) (c)| 38.) (c)| 39.) (d) | 40.) (c) 
-| (b) | 42.) (d) | 43.) (a) | 44.| (a) | 45.) (a) | 46.) (b)| 47.) (d)| 48.) (a) | 49.) (c) | 50.) (d) 
-| (b) | 52.) (a) | 53.) (a) | 54.| (a) | 55.) (a) | 56.) (c) | 57.] (c)| 58.) (a) | 59.| (b) | 60.) (b) 
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One or More than One is/are Correct 


1. Ifa circle passes through the point, 2) and touches x + y = land x — y =1, then the centre 


of the circle is at: 
(a) (4,0) (b) (4,2) 
(c) (6,0) (d) (7,0) 

2. Equations of four circles are (x +a) ae (y+q) 2 —q* then: 
(a) The radius of the greatest circle touching all the four circles is ae +Da 
(b) The radius of the smallest circle touching all the four circles is (V2 -Da 
(c) Area of region enclosed by four given circles is (4 — ) asq. units 


(d) The centres of four circles are the vertices of a square 


3. The equation of the circle which touches the axes of coordinates and the line ey.” —1and 


whose centre lies in the first quadrant is x* + y? —2rx —2ry +r? =O, thenr can be equal to: 
(a) 1 (b) 2 (c) fe (d) 6 
4. If (a,0) is a point on a diameter of the circle x? + y? =4, then x? — 4x —a* =0 must have: 


(a) exactly one real root in -2 : =| 
10 10 


(b) exactly one real root in 42] 


(c) exactly one real root in [0,2] 
(d) two distinct real roots in [—1,5] 
5. The locus of points of intersection of the tangents to x” + y* =a” at the extremeties of a chord 
of circle x? + y” =a? which touches the circle x? + y* —2ax =0 is/are: 
(a) as =a(a —2x) (b) x* =a(a-2y) 
() x? +y? =(x-a)? (d) x* +y? =(y-a)’ 
6. The tangent drawn from the origin to the circle x7+y7+2gx+2fy+ f*=0 are 
perpendicular, if: 
(a) g=f (b) g=-f 
() $=2f (d) 2g=f 
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14. 
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. Two chords are drawn from the point P(h,k) on the circle x* + y? =hx + ky. If the y-axis 


divides both the chords in the ratio 2 : 3, then which of the following may be correct ? 
(a) k*>15h? (b) 15k*>h? 
(c) h? =15k? (d) k?>5h? 


. The equation(s) of the tangent at the point (0, 0) to the circle, making intercepts of lengths 2a 


and 2b units on the coordinates axes, is/are: 
(a) ax+by=0 (b) ax -—by =0 
(c) x=y (d) bx +ay =0 


. Consider the circle x? + y? —10x —6y + 30 =0. Let O be the centre of the circle and tangent at 


A(7,3) and B(5,1) meet at C. Let S =0 represents family of circles passing through A and B, 
then: 

(a) Area of quadrilateral OACB = 4 

(b) the radical axis for the family of circles S =0 is x + y=10 

(c) the smallest possible circle of the family S =0 is x7 + y* -12x -—4y + 38 =0 


(d) the coordinates of point C are (7,1) 


Let x,y be real variable satisfying the x? +y?+8x-10y-—40=0. Let a=max 
(\Ge +2)? + (y -3)2) and b= min (\|(x + 2)? + (y —3)2), then: 

(a) a+b=18 (b) a+b=4V2 

(c) a-b=4V2 (d) ab=73 


Coordinates of the centre of a circle, whose radius is 2 unit and which touches the line pair 
x? — fa —2x+1=Oare: 


(a) (4, 0) (b) (14+22,0) 
(c) 41) (d) (1,2 V2) 
Point M moved on the circle (x — 4)? +( y -8) 2 = 20. Then it broke away from it and moving 


along a tangent to the circle, cuts the x-axis at the point (—2,0). The coordinates of a point on 


the circle at which the moving point broke away is: 


3 46 2 44 
Sys Dy | -——,— 
@ (-2.4] w (-2,2) 
(c) (6, 4) (d) (3, 5) 
If the area of the quadrilateral formed by the tangents from the origin to the circle 


x? + y7 +6x-10y +c=0 and the radii corresponding to the points of contact is 15, then a 


value of c is: 


(a) 9 (b) 4 
(c) 5 (d) 25 
If 4a7 —5b” + 6a + 1=0 and the line ax + by + 1=0 touches a fixed circle, then: 
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15. 


16. 


17. 


18. 


(a) centre of circle is at (3, 0) (b) the radius of circle is V5 
(c) the radius of circle is /3 (d) the circle passes through (1, ) 
Let P(1,22) is a point on circle x + y? =9.Locate the points on the given circle, which are at 
2 units distance from point P. 
(a) (-1,2v2) (b) (2v2,1 
23 10v2 
(©) [2 70) (d) (3,0) 
9 9 
AC is diameter of circle. AB is a tangent. BC meets the circle again at D. AC =1, AB =a, CD =b, 
then: 
(a) ab>1 (b) ab<1 
@ 2s go - 
a 2 1 a 2 1 
a“ +— a“ +— 
2 2 
Equation of line that touches the curves | y|=x* and x? +(y —2)” =4 where x # Ois: 
(a) y =4V5x +20 (b) y =4V3x-12 
(c) y= -4,/5x + 20 (d) y= -4,/5x —20 
Let 1, ,l, and 1; are the lengths of the tangents drawn from a variable point P to the circle 


x? + y? =a7;x7 + y* =2ax and x? + y” =2ay respectively. The lengths satisfy the relation 
Lf =14 1% + a*. Then the locus of P can be: 
(a) Line (b) Circle 
(c) Parabola (d) Hyperbola 
~~ LLL ee 
OO 
1. (a, c) 2.) (a, b, c, d) 3. (a, d) 4.) (a, b, d) By (a, c) 6.| (a, b) 
wa (a, b, d) 8.) (a,b, d) 9.| (a,c,d) | 10.| (a,c, d) 11. (b, d) 12.) (b,c) 
13. (a, d) 14.| (a,b, d) 15. (a, c) 16. (b, c) 17.| (a,b,c) 18.) (a,b) 
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EXERCISE (3) 


Comprehension: a) 


An altitude BD and a bisector BE are drawn in the triangle ABC from the 
vertex B. It is known that the length of side AC = 1, and the magnitudes of the 
angles BEC, ABD, ABE, BAC form an arithmetic progression. 


1. The area of circle circumscribing AABC is: 


T T 
a) — b) — 
(a) - (b) 4 
T 
— d 
(c) ; (d) x 
2. Let 'O' be the circumcentre of AABC, the radius of circle inscribed in ABOC is : 
1 1 
_) —— (b) —J 
8V3 4/3 
1 1 
(_ = (d) @ 
2/3 B 
3. Let B'be the image of point B with respect to side AC of AABC, then the length BB' is equal to: 
V3 V2 
a) & [)) = 
(a) 4 (b) 4 
1 3 
(c) — (d) v3 
2 2 


Comprehension: | (2) | 


Triangle ABC has circumcentre 'O'and orthocentre 'H'. Points E and F are 
chosen on sides AC and AB respectively such that AE = AO and AF = AH as 
shown in figure. Let' R' be the radius of circle circumscribing the triangle ABC 


TR | 
er 
p\ US 
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1. The area of quadrilateral BFEC is equal to: 
2 2 


(a) “, (in + sinC) (b) “sin Acos(B -C) 
2 2 
(c) “sin 2A (d) “(sin 2B +sin2C) 
2. The length of segment EF is equal to: 
(a) RcosA (b) R 
(c) Rsin2A (d) 2RcosA 


3. Let ZAFE = A , then the sum of squares of the 3 altitudes of triangle AFEis equal to: 


2 
eo OR (b) 3R2 
4 
3R2 8R° 
(c) 5 (d) 7 
Comprehension: (3) 


Let S, and S, be two fixed externally tangent circles with radius 2 and 3 
respectively. Let Ss be a variable circle internally tangent to both S$, and S, at 
points A and B respectively. The tangents to S,at A and B meet at T, and 
TA = 4. 


1. The radius of circle S 3 is equal to: 


(a) 2 (b) 4 
(c) 6 (d) 8 
2. The area of circle circumscribing ATAB is: 
(a) 107 (b) 207 
(c) 40x (d) 80x 
3. Let C,,C2,C3 be centres of circles S$; ,S5,S3 respectively then which of the following must be 
true: 
(a) C3C, +C3C, =5 (>) C3C, -C3C, =3 
femC,C, +C3C, =3 (d) C20; 30 <1 
C omprehension: (4) 


Let A,B,C,D lie on a line such that AB = BC =CD = 1. The points A and C are 
also joined by a semicircle with AC as diameter and P is a variable point on 
this semicircle such that 7PBD =0,0<0< nr. Let R is the region bounded by 
arc AP, the straight line PD and line AD. 
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1. The maximum possible area of region R is: 


2m — ag 2m + ao 

(a) a (b) — 

©) (2n + 6V3) (a) 2n+3V3 
12 12 


2. Let'L' is the perimeter of region 'R', then L is equal to: 


(a) 3-0+~/5-—4cos0 (b) 34+7++~/5-4cos0 


(c) 3+2-0+-+V5-4cos0 (d)3+7+0+V5+4cos0 
3. The non negative difference of greatest and least values of L is: 

(a) 3-13 +7 (b) V3 -342 

(c) V3 -3+= (d) x-2 

Comprehension: 1) 


Let P(a, b) be a variable point satisfying 4 < a” +b” < 9 and b? - 4ab+ a? <0. 
Let R be the complete equation represented in x-y plane in which P can lie. 


1. Area of region R is: 


21 
= b 
(a) 5 (b) x 
4n St 
ee d) 22 
(c) 3 (d) 3 
2. Minimum value of|a + b| for all positions of P lying in region R is: 
(a v3 (b) 2V3 
(c) V6 (d) 26 


3. Let A and B be two points in first quadrant lying in region R, then maximum possible distance 
between them is: 


(a) 2 (b) V5 
(c) v6 (d) v7 
Comprehension: (6) 


Let f(x, y) =0 be the equation of a circle such that f(0, y) = 0 has equal real 
roots and f(x,0) = 0 has two distinct real roots. Let g(x, y) = 0 be the locus of 
points 'P' from where tangents to circle f(x,y) =0 make angle 7/3 between 
them and g(x,y) = x? + y” -5x-4y+c,ceR. 
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1. Let Q be a point from where tangents drawn to circle g(x, y) =0 are mutually perpendicular. If 
A, B are the points of contact of tangent drawn from Q to circle g(x, y) =0, then area of triangle 


QAB is 
25 25 
oe b) 
(a) 3 (b) 7 
25 25 
c) — d) — 
(c) A (d) 5 
2. The area of region bounded by circle f(x, y) =0 with x-axis in the first quadrant is 
(a) 34 22(n tan 5 (b) 3+ ran 24) 
8 2 4 11 
(c) 3+ a 2n—tan™! = (d) 3+ 28 2n—-tan! as 
8 4 8 7 
3. The number of points with positive integral coordinates satisfying f(x, y)>0,g(x,y)<O;y>3 
and x <6 is 
(a) 7 (b) 8 
(c) 10 (d) 11 
(; omprehension: (7) 


Consider two circles S, and S, (externally touching) having centres at points 
A and B whose radii are 1 and 2 respectively. A tangent to circle S, from point 
B intersects the circle S,; at point C.D is chosen on circle S, so that AC is 
parallel to BD and the two segments BC and AD do not intersect. Segment AD 
intersect the circle S, at E. The line through B and E intersects the circle S, at 
another point F. 


1. The length of segment FF is: 


(a) 2V2 (b) 72 

(©) = @ V3 
2. The area of triangle ABD is: 

(a) 2 (b) V3 

(om2,/2 (d) V5 
3. The length of the segment DE is: 

(a) V3 (b) 2V2 


(c) 2 (d) 3 
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Comprehension: (8) 


In an acute triangle ABC, point H is the intersection point of altitude CE to AB 
and altitude BD to AC. A circles with DE as its diameter intersects AB and AC 
at points F and G respectively. If BC = 25, BD = 20 and BE =7. 


1. The sum of the length of all the sides of AABC is: 


(a) 65 (b) 70 
(c) 75 (d) 80 
2. Area of the circle S is: 
(a) 100 (b) 196x 
(©) a (d) 400x 
3. Let FG and AH intersect at point K, then the length of AK = 
192 216 
a) —— b) — 
(a) 5E (b) ae 
225 
ce). — d) 9 
(c) vl (d) 
Comprehension: 2) 


The circle ‘S’ touches the sides AB and AD of the rectangle ABCD and cuts the 
side DC at single point F and the side BC at a single point E. If 
| AB| = 32,| AD|= 40 and | BE|= 1. 


1. The angle between pair of tangents drawn from the point D to the circle‘ S’ is: 


Pe: a6 
(a) m-—tan (=) (b) m-—tan (=) 
_1(15 T =4{ 5 
(c) m-tan (=) (d) ion (;) 
2. The area of trapezoid AFCB is: 
(a) 960 (b) 1020 
(c) 1140 (d) 1180 
3. The radius of circle is: 
(a) 22 (b) 23 


(c) 25 (d) 27 
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Comprehension: 


A point P(a, $8) is called rational point if both o and f are rational numbers 
and if both o and f are integers, then point P(a,}) is called lattice point. 


1. Line x + y=n(n € N) cuts coordinates axes at A and B. If O is origin then number of lattice 


1 


2. 


points within the triangle AOB is: 


get An 43 non 
ae b 
(a) 5 (b) 5 
2 2 
n“—-n n~ —3n+2 
d) 2s 
(c) 5 (d) 5 


. The number of rational points that could be on a circle, whose centre is Cas ) and radius is 


a3 units, is : 


(a) 1 (b) 2 (c) 3 (d) Infinite 
. Number of lattice points on the circumference of circle x? + y* =25 is: 
(a) 14 (b) 8 (c) 12 (d) 10 
Comprehension: (11) 


Consider a right triangle ABC right angled at vertex B with AB =3 and BC = 4. 
A circle ‘S’ touching the side BC is drawn intersecting the sides AB at points D 
and E and the side AC at points F and G respectively. Also D and F are the 
midpoints of sides AB and AC respectively, then: 


. Radius of circle S is: 
5 
(a) 1 (b) ri 
1 
@ Z @ > 
The length of portion FG of hypotenuse AC is: 
5 13 
os. i) aa 
11 
(c) 10 (d) 1 


3. The length of chord EF of circle S is: 


17 5 
13 11 
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Comprehension: (12) 
Given a line segment AB, A = (0,0) and B(a,0). Three circles $,,S5,,S3, of 


radius R are centred at the end points and the midpoint of the line segment 
AB. A fourth circles S, is drawn touching the 3 given circles. 


1. If0<R< a , then sum of all possible distinct values of radius of S , is: 
2 2 2 2 
a a 3a a 
a) —— b) — c) —— d) — 
(a) (b) = (©) 1Ee (d) ae 


2. 1If0<R< 7 then number of possible circles S , is: 


(a) 2 (b) 4 (c) 6 (d) 8 


3. "a <R< > then radius of circle S4 is: 


a a” 
Bg? Ge 
Comprehension: 


Let A =(0,0),B = (4,0) and on segment AB is given a point M. On the same 
side of AB squares AMCD and BMFE are constructed above AB. The 
circumcircles S, and S, of two squares AMCD and BMFE respectively whose 
centres are P and Q, intersect in M and another point N. 


1. The point of intersection of the lines FA and BC is: 
(a) N (b) outside S, but inside S5 
(c) outside S, but inside S, (d) inside S, and S, both 


2. For all positions of M varying along the segment AB, the lines MN passes through the fixed point 
R(a,b),thena+ b= 


(a) 0 (b) 1 (c) v3 (d) 2 
3. The locus of midpoints of all segments PQ as M varies along the segment AB is: 
(a) line segment (x,1),x € [1,3] (b) line segment (x, 1), x € [2,4] 


(c) line segment (x,1),x ¢ [0,3] (d) line segment (x,1), x € [0,4] 
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Comprehension: 


Let C be a circle of radius r with centre at O, let P be a point outside C and D be 
a point on C. A line through P intersects C at Q and R, Sis the midpoint of QR. 


1. For different choices of lines through P, what is the curve on which S lies: 


(a) astraight line (b) an arc of circle with P as centre 
(c) anarc of circle with PS as diameter (d) an arc of circle with OP diameter 
2. Let P is situated at a distance 'd' from centre O, then which of the following does not equal the 
product (PQ) (PR). 
(where T is a point on C and PT is tangent to C) 
(a) d*-r? (b) (PT)? (c) (PS)* =(QS)(RS)(d) (PS)? 


3. Let ABC be an equilateral triangle inscribed in C. If a,f8, y denote the distances of D from vertices 
A,B,C respectively, what is the value of product (8 + y -—a)(y +a —B)(a +B —y): 


(a) 0 o) 
3 3 3) 
(c) a” +B a —3apy (d) « + fer, 
Comprehension: 


Given a line segment AB,A =(0,0) and B(a,0). Three circles S,,5,,S3 of 
radius R are centred at the end points and the midpoint of the line segment 
AB. A fourth circle S, is drawn touching the 3 given circles. 


1. If0<R< re then sum of all possible distinct values of radius of S 4 is: 


a a Sa7 Ce 
ae —— b) — c) — d) — 
@ 16R oo 7R © 16R a aR 
2. If0<R< 7 , then number of possible circle S 4 is: 
(a) 2 (b) 4 (c) 6 (d) 8 
3. i <R< - then radius of circle Sy is: 
2 2 2 2 
a a 3a a 
= b) — a d) — 
o 16R -) 8R q 16R ” 4R 
Comprehension: (16) 


The line y = ax+b intersects the curve C: x? + y”? +6x-10y +1=0 at the 


points A and B. If the lines segment AB subtends a right angle at origin then 
the locus of the point (a,b) is the curve g(x,y) =0. 
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1. The equation of curve g(x, y) =0 is: 
(a) x7 +2y? -6xy+10y +1=0 (b) x? +2y* -6xy -10y +1=0 
(c) x? -2y* -6xy +10y+1=0 (d) x* -2y? -6xy -10y +1=0 


2. The slope of tangent to the curve g(x, y) =0 at the point where the line y = 1 intersects it in first 
quadrant is: 


(a) 1/2 (b) 1/3 (c) 1/4 (d) 1/6 
3. The equation of chord of the curve C whose middle point is (1, 2) is: 
(a) 4x-3y+2=0 (b) 4x+3y-10=0 (c) 3x+4y-11=0 (d) 3x-4y+5=0 


——— 
BENS E EERE 
Comprehension-1: 1. (b) 2. (b) 3. (d) 
Comprehension-2: i, @ 2D, (()) 8 (a) 
Comprehension-3: i, @W 2. (b) 3. (d) 
Comprehension-4: 1. (b) 2. ©) 3. (d) 
Comprehension-5: il, @W DQ, (©) 3. (d) 
Comprehension-6: i, @) 2D, (@) 3. (d) 
Comprehension-7: 1. (c¢) 2. (c) 3. (ec) 
Comprehension-8: i, @ aC) 3. (b) 
Comprehension-9: il, © 2. (d) 3, © 
Comprehension-10: 1. (d) 2. (b) 3. © 
Comprehension-11: i, @ 2, (© 3. © 
Comprehension-12: 1. (@& 2. (© 3. (a) 
Comprehension-13: 1. (a) D.  (d) 3. (a) 
Comprehension-14: i, (@ 2. (d) 3. (a) 
Comprehension-15: 1. (ce) 2, |© 8 (a) 
Comprehension-16: 1. (b) 2. (d) 3. (a) 
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EXERCISE (4) 


Assertion and Reason 


(A) Statement-1 is true, Statement-2 is true and Statement-2 is correct explanation for 
Statement-1 

(B) Statement-1 is true, Statement-2 is true and Statement-2 is not correct explanation for 
Statement-1 

(C) Statement-1 is true, Statement-2 is false 

(D) Statement-1 is false, Statement-2 is true 

1. Consider 3 equal circles of radius r, within a circle of radius r, each to touch the other two and 
the given circle. 


ry me 


Statement-1: — = 


r9 AO eI 


because 
Statement-2: Incentre of triangle formed by joining centres of 3 equal circles is same as 
centre of given circle. 
2. Let a circle be inscribed in the quadrant of a circle of diameter 4, then 
Statement-1: The radius of inscribed circle is the positive root of the equation 
r?7+4r-4=0 
because 
Statement-2: Distance between their centres = 2 (radius of circle inscribed). 
3. Let A and B are two points both lying within a given circle S, and'P'be a point on circumference 
of'S'at which AB subtends the greatest angle. 
Statement-1: If A =(1, 1),B =(1,-1) and equation of S is ee + 47 = 4 then P will be (2,0) 
because 
Statement-2: ‘P’ will be the point where a circle passing through A and B touches the circle 
S. 
4. Let PQ be fixed chord in a circle‘ S’ and AB is any diameter, then 
Statement-1: If PQ is represented by equation y =—1, S represented by x* + y? =4 andA, 
B lie on same side of PQ then the sum of the perpendiculars let fall from A and 
B on PQ is equal to 4. 
because 
Statement-2: The sum of the perpendiculars let fall from A and B on PQ is same for all 
position of AB. 
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. If two equal chords AB and CD of a circle intersect at point PB 


Statement-1: if ACB and CBD are minor segments of AB and CD. AP =2 and PB =7, then 
PC =7 and PD =2. 

because 

Statement-2: AP =PD and PB=PC. 


6. AB is a fixed chord of a circle and XY is any chord having its middle point Z on AB, then 


10. 


11. 


Statement-1: XY is greatest if XY coincides with AB 
because 
Statement-2: XY is greatest if Z becomes the middle point of AB. 


. Let the bisector of ZA of AABC meets BC in D and the circumcircle of AABC in E, then 


Statement-1: AD is less than the G..M. of AB and AC 
because 
Statement-2: AABD is similar to AAEC. 


. Let ABCD is a rectangle, the diagonal AC and BD intersect at O. A straight line through B 


intersects DC produced at E and DA produced at F such that OE = OF, then 
Statement-1: (CE) (DE) =(AF) (DF) 
because 


Statement-2: Ifa line through any point P intersects the circle with centre at ‘O’ and radius 
‘P at Q and R then (PQ) (PR) =(OP)* +r. 


. Let A(x1,¥1),B(x2,¥2) and C(x3, y3) are the vertices of a triangle ABC. 
Statement-1: If angle Cc is obtuse then the quantity 
(x3 — X41) (x3 -—X2) +(¥3 -¥1) (¥3 — Y2) is negative. 
because 
Statement-2: Diameter of a circle subtends obtuse angle at any point lying inside the 


semicircle. 
Let C be a circle with centre‘O’ and HK is the chord of contact of tangents drawn from a point A. 
OA intersects the circle ‘C’ at P and Q and B is the midpoint of HK, then 
Statement-1: AB is the Harmonic mean of AP and AQ 
because 
Statement-2: AK is the Geometric mean of AB and AO and OA is the arithmetic mean of AP 
and AQ. 
Let the diagonals of a convex quadrilateral ABCD intersect at point P and a,b,c,d denote the 
length of sides AB, BC,CD and DA respectively, then 
Statement-1: Diagonals of quadrilateral ABCD are perpendicular if a? +.c* =b* + d? 
because 
Statement-2: a? +c? >b? +d*>(AP)? +(BP)? +(CP)* +(DP)* 
or p+ d? >a* +c? >(AP)? +(BP)* +(CP)? +(DP)? 
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1.| (d) .| (c) .| (a) .| (c) .| (c) .| (d) .| (a) .| (c) .| (a) | 10.) (a) 
11.) (c) 
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EXERCISE (5) 


Match the Columns: 


1. Let E,F,G,H be 4 distinct points inside square ABCD whose area is 1 square units such that 
EDC = ZECD = ZHDA = ZHAD = ZGAB = ZGBA = ZFBC = ZFCB =15° 


(a) | If area of quadrilateral EFGH is equal to a — Vb where a,be N, (p) il 
thena+b= 

(b) | Let ZAEB = + - then k= (q) 3 

(c) | The radius of circle circumscribing the AAHD is equal to (r) 


(d) | Let the lengths of perpendiculars from vertices G,A,H to] (s) 


opposite sides of triangle AHG be h, ,hz,h3 respectively. Let 
++ +++ =a+ Vb where a,be N, then — = 
hp hy hg 2 


2. Let A(x, ,¥1),Blx2,¥2),C(x3,¥3) be 3 distinct points lying on circle S:x? + y? =1,such that 


3 
XyXQ + V1 V2 + XQX3 + VoV3 + X3Xy + V3Y1 => 


2 
(a) | Let P be any arbitrary point lying on S, then (PA)? +(PB)? | (p) 3 
+(PC)* = 
(b) | Let the perpendicular dropped from point ‘A’ to BC meets S at Q} (q) 4 


and ZOBQ = : , where ‘O’ is origin, then k = 


(c) | Let R be the point lying on line x+ y =2, at the minimum| (r) 5 
distance from S and the square of maximum distance of R from S 
isa + bvb, then a+b= 

(d) | Let] and G represent incenter and centroid of AABC respectively,| (s) 6 


then JA +IB+IC +GA+GB+GC = 
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3. Inthe triangle ABC, the angle bisector AK is perpendicular to the median BM and ZABC =120°, 


(a) 


(b) 


(c) 


(d) 


The value of ratio —— is equal to 
AB 


The value of ratio of radius of the circle circumscribing the 
triangle ABC to the side length AB is equal to 


The ratio of the area of AABC to the area of the circle 
circumscribing AABC is equal to 


The value of ratio of the sides AB to AC is equal to 


wy 


(P) 33 GZ_y 
ay) 
(q) vio 
2 
(r) i 
D 
(s) 2 
NE 


4. There are two circles in a parallelogram. One of them of radius 3, is inscribed in the 
parallelogram, and the other touches two sides of the parallelogram and the first circle. The 
distance between the points of tangency which lie on the same side of the parallelogram is 
equal to 3. 


(d) 


The radius of the other circle is 


Area of the parallelogram is equal to 


Let d,,d, denote the lengths of the diagonals of 
parallelogram, then the product d,d, is equal to 


Let d, ,d, be the diagonals of the parallelogram then the 


value of d, + dy is equal to 


(s) 


| 


5. In the parallelogram ABCD with angle A = 60°, the bisector of angle B is drawn which cuts the 
side CD at a point E. A circle S, of radius ‘r’ is inscribed in the AECB. Another circle ‘S.’ is 


inscribed in the trapezoid ABED. 


(c) 


(d) 


The value of radius of S5 is 


The value of distance between the centres of S, and S, is 


The value of the length of internal common tangent of S, 
and Sz is 


The value of the length CE is 


(r) 


(s) 
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6. In the given figure, the circle x* + y? =25 intersects x-axis at points A and B. The line x =11 


intersects x-axis, at point C. Point P moves along the line x =11 above the x-axis and AP 
intersects the circle at Q. 


(a) | The coordinates of point P if the AAOB has the maximum areais | (p) (11, 0) 
(b) | The coordinates of point P if Q is the middle point of AP is (q) (11, 8) 
(c) | The co-ordinates of P if the area of AAQB is ay of the area of ~~ ae 
AAPC is 
(d) | The co-ordinates of P if| AP — BP| is maximum (s) (11, 16) 
7. 
Column-l Column-ll 
(a) | Two intersecting circles (p) | have a common tangent 
(b) | Two circles touching each other (q) | have a common normal 
(c) | Two non concentric circles, one strictly inside) (1) | do not have acommon normal 
the other 
(d) | Two concentric circles of different radii (s) | do not have a radical axis 


8. Match the following : Let C and C, be circles of radii 1 and r>1 respectively touching the 
coordinate axes, Column-II gives values of r for the conditions in Column-I. 


Column-l Column-ll 
(a) | C passes through the centre of C, (p) | 3 
(b) | C andC, touch each other (q) Eee 
2) 
(ec) | C and C,are orthogonal (r) | 2+J3 
(d) | CandC, have longest common chord (s) | 3+ Des 
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9. Triangles ABC are described on a given base BC and of a given vertical angle a. 


Column-l| Column-ll 
(a) | The locus of orthocentre of AABC is | (p) | Part of circle such that BC subtend angle t 
m — a its circumference 
(b) | The locus of incentre of AABC is (q) | Part of circle such that BC subtend angle 
= © at its circumference 
2 2 
(c) |The locus of the  excentre) (r) | Part of circle such that BC subtend angle 
corresponding to vertex opposite to fe eee ai teanrer ence 
base of AABC is 
(d) | The locus of centroid of AABC is: (s) | Part of circle such that PQ subtend angle a 
at its circumference where P,Q are points 
of trisection of segment BC. 
10. Match the column: 
Column-l| Column-ll 
(a) | Line I, is the radical axis of the circles} (p) | 13 
S1 =x fe —2x -2y-7=0and S, =e day + 6x -8y =0. If 
(x1,¥ 1) and (x2, yz) denote the coordinates of the extremeties of 
the diameter of S, which is perpendicular to L, then 
a(x? +x3 + y? + y3) is equal to 
(b) | The pair of lines represented by x? + y? +3xy + 4x + y-—1=0) (q) | 20 
intersect at P.IfQ and R are the point of intersection of the pair of 
lines with the x-axis and the area of the APQR is A, then A* = 
(c) | If the coordinates of radical centre of circles x? + y? —25=0;| (r) | 25 
De Oy Ae oy es =O, Xs ys ey On 1s oO) 
then, 2(a +f) is equal to 
(d) Let m, and my, are the slopes of the tangents drawn to circle) (s) | 27 
x?+y%-4x-8y-5=0 from the point P(-1,-2), and 
|m, +my|=p/q where p and q are relatively prime natural 
numbers, then p + qis equal to 
(t) | 29 
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11. Let two circles S,; and S, having centres O, and O» have 
radius R and r respectively (r<R) touching each other 
internally at a point A. A tangent to smaller circle at point D 
intersects the larger one at points B and C as shown. Let AB 
and AC intersects the circles S, at points L and K respectively. 


\\ 


L 


Advanced Problems in Coordinate Geometry for IIT-JEE 


Mp, 


A 


Column-l Column-ll 
(a) | AK _ (p) VR 
AC ii eR 
(b) | AC _ (q) | & 
CD iP 
(c) | AL _ ) 
AB R-r 
(d) | AO _ (s) | 7 
AD R 
(where O is incentre of AABC) (t) R 
R-r 
12. Let S ={(x,y):x? + ye —6x -8y +21<0} 
Match the Column-I with Column-II 
Column-l| Column.-ll 
fa) max 12 ees oe s| (P) 
Ti 7 
(b) min] 2G? +2 +0 +(x-yiCny) eS} (q) | 4 
(c) max os ocx, es} © @ 
d = 6 
(d) ae V3y +|x ees (s) 
|x -3| 
(t) | 7 
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a>rb>+q;c>p; ds >s; b>p;c7>rd>s 


a>q;b>s;c>p;d>r >s;b>p;c7q; dor 


1 2 
3 4 
5. ars; bor;ctaq;d>p 6. 
7 8 
9 


>s;b>q;c>rd>p 


a>p.q; b> p,q; cg; d>4q,s 
a>p;bo>qgc7orid-7>s 10. 
11l.a>s; b>t;c>s;d>p 12. 


>q; b>q;c>t;d>p 


a 
a 
a 
a>r>qbos;c>rrd>p 
a 
a 


>s;b>q;c>r;d>q 


112 Advanced Problems in Coordinate Geometry for IIT-JEE 


EXERCISE (6) 


Subjective Problems 
1. If the circle C, touches x-axis and the line y = xtan0,0¢€ [0.2] in first quadrant and circle C5 


touches the line y = x tan0, y-axis and circle C, in such a way that ratio of radius of C, to radius 


of C, is 2: 1, then value oftan = va-b 


where a, b,c are relatively prime natural numbers find 


a+b+c. 


2. A point D is taken on the side AC of an acute triangle ABC, such that AD =1, DC =2 and BD is an 


altitude of AABC.A circle of radius 2, which passes through points A and D, touches at point Da 
D 
circle circumscribed about the ABDC. The area of AABC is A, then a = 


3. How many ordered pair of integers (a, b) satisfy all the following inequalities 
Wat b? < 1647 +b? < 8a,a7 +b? <8b? 
4. Circle S, is centered at (0,3) with radius 1. Circle S, is externally tangent to circle S; and also 
tangent to x-axis. If the locus of the centre of the variable circle S, can be expressed as 
2 
y = 1 ee. Find 2. 
wy 
5. Let two parallel lines L; and L, with positive slope are tangent to the circle 
C,:x7 4+ y* 22x -16y +64 =0. If Ly is also. tangent to the circle 


Co: fa +y? —2x+2y-—2=0 and equation of L, is avax — by + c-ava =0 where a,b,ceN, 
then find the valWeme 2+ 5+ ¢ 


6. In the figure AB is tangent at A to circle with centre O; point D is interior to circle and DB 
intersects the circle at C. If BC =DC =3,OD =2 and AB =6, then find the radius of the circle. 


~ 


| A 6 B 


7. The lines 3x -4y + 4=0 and6x —-8y —7 =Oare tangents to the same circle whose radius is r , 
then 4r is equal to. 
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8. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


There exists two circles passing through (-1, 1) and touching the lines x + y=2 and x-y =2 
whose radii are r, and ry, and r, + ro =aV2, then a is equal to. 


. Let A be the centre of the circle x7 + y* —2x — 4y —20 =0. Suppose the tangents at the points. 


B (1, 7) and D(4,-—2) on the circle meet at C. The area of the quadrilateral ABCD is N, then ~ =! 


If radii of the smallest and the largest circle passing through (V3, V2) and touching the circle 
x* + y* -2/2y —2 =O are r, and r, respectively, then find the mean of r, and ry. 

Given a convex quadrilateral ABCD circumscribed about a circle of diameter 1. Inside ABCD, 
there is a point M such that | MA|? +|MB|* +|MC|* +| MD|? =2. Find the area of ABCD. 

Tow circle of radii 8 and 4 touch each other externally at a point A. Through a point B taken on 
the larger circle a straight line is drawn touching the smaller circle at C. Find BC if AB = V6. 
Given a rectangle ABCD where |AB|=2a,|BC|=aV2. On the side AB, as on diameter, a 
semicircle is constructed externally. Let M be an arbitrary point on the semicircle, the line MD 
intersect AB at N, and MC at L. If| AL|*+|BN|? =a”, then A = 


The distance between centres of two circles is equal to 1. Let x be the side of a rhombus two 
opposite vertices of which lie on one circle, and the other two on the other if the radii of the 
circles are 6 and 3, then [x] = (where [.] denote greates integer function) 

Circle of radii 4 and 2 touch each other internally. The side of equilateral triangle one vertex of 
which coincides with the point of tengency and the other two lying on the two given circle is: 
Two circles of radius 8 are placed inside a semi-circle of radius 25. The two circles are each 
tangent to the diameter and to the semicircle. If the distance between the centers of the two 


circles is 1, then the value of 2. 


11. 


22 2.| 9 3.| 6 4.| 8 5.| 7 6.) 4 Tos} 8.) 6 9.; 5 | 10.| 1 
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EXERCISE (7) 
1. (A) If two distinct chords, drawn from the point (p, g) on the circle x + y” = px + qy (where 


p,q #0) are bisected by the x-axis, then: 
(a) p* =q" (b) p* =8q" (©) p? <8q" (d)_ p* >8q? 

(B) Let L, be a straight line through the origin and L, be the straight line x + y =1. If the 
intercepts made by the circle x? + y? —x + 3y =0 onL, andL, are equal, then which of 
the following equations can represent L, ? [IIT-JEE 1999] 
(a) x+y=0 (b) x-y=0 (c) x+7y=0 (d) x-7y=0 


. (A) The triangle PQR is inscribed in the circle, x ac: y 2 — 250f Q and R have co-ordinates (3, 4) 


and (-4, 3) respectively, then 7QPR is equal to: 


™ T ™ T 
— b) — or d) — 
(a) ; (b) 2 (c) 4 (d) 5 
(B) If the circles, x*7+y*+2x+2ky+6=0 and x?+y74+2ky+k=0_ intersect 
orthogonally, then‘ k’ is: [IIT-JEE (Screening) 2000] 
3 3 3 3 
2 or —— b) -—2 or -— 2 or — d) -2or— 
(a) 5 (b) —2 or 5 (c) 2or 5 (d) oS 


. (A) Extremities of a diagonal of a rectangle are (0,0) and (4,3). Find the equation of the 


tangents to the circumcircle of a rectangle which are parallel to this diagonal. 
(B) Find the point on the straight line, y =2x + 11 which is nearest to the circle, 
16(x? + y*) + 32x -8y -50 =0 
(C) A circle of radius 2 units rolls on the outerside of the circle, x7 + y* + 4x =O, touching it 


externally. Find the locus of the centre of this outer circle. Also find the equations of the 
common tangents of the two circles when the line joining the centres of the two circles is 
inclined at an angle of 60° with x-axis. [REE (Mains) 2000] 


. (A) Let PQ and RS be tangents at the extremities of the diameter PR of a circle of radius r. If PS 


and RQ intersect at a point X on the circumference of the circle then 2r equals: 
[IIT-JEE (Screening) 2001] 


(a) .|PQ-RS (b) a= 


; 2 2 
(c) 2PQcRS (a) |(PQ)? + (RS) 
PQ +RS 2 


(B) Let2x* + y? —3xy =0 be the equation of a pair of tangents drawn from the origin ‘O’ toa 


circle of radius 3 with centre in the first quadrant. If A is one of the points of contact, find 
the length of OA. [IIT-JEE (Mains) 2001] 
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5. 


10. 


(A) Find the equation of the circle which passes through the points of intersection of circles 

x? 4y?-2x-6y+6=0 and x*+y7+2x-6y+6=0 and intersects the circle 

x? + y* + 4x4 6y +4 =0 orthogonally. [REE (Mains) 2001] 

(B) Tangents TP and TQ are drawn from a pointT to the circle x* + y? = a7. If the point T lies 
on the line px + gy =r, find the locus of centre of the circumcircle of triangle TPQ. 

[REE (Mains) 2001] 


. (A) If the tangent at the point P on the circle x? + y? +6x + 6y =2 meets the straight line 


5x —2y +6 =0 at a point Q on the y-axis, then the length of PQ is: 
(a) 4 (b) 2V5 (c) 5 (d) 35 

(B) Ifa>2b> then the positive value of m for which y = mx — bV1+ m2 isa common tangent 
tox? + y? =b* and(x-—a)? + a =b? is: [IIT-JEE (Screening) 2002] 


2b Va? — 4b? 2b b 


Of (b) (c) (d) 


lq? — 4p? 2b a-—2b a-2b 


. The radius of the circle, having centre at (2, 1), whose one of the chord is a diameter of the circle 


x? + y* -2x -6y +6=0 [IIT-JEE (Screening) 2004] 
(a) 1 (b) 2 (c) 3 (d) V3 


. Line2x + 3y + 1=Oisa tangent to acircle at (1, — 1). This circle is orthogonal to a circle which is 


drawn having diameter as a line segment with end points (0, — 1) and (-2, 3). Find equation of 
circle. [IIT-JEE 2004] 


. Acircle is given by x? +(y — 1)” =1, another circle C touches it externally and also the x-axis, 


then the locus of its centre is: [IIT-JEE (Screening) 2005] 
(a) {(x, y):x* =4y} UL{Cx y): y $0} 

(b) {(x, y):x* +(y-D* =4}U {0x y): y <0} 

(C) {(x, y):x? =y}ULO, y): y <0} 

(d) {(x, y):x? =4y} U{@, y): y <0} 

(A) Let ABCD be a quadrilateral with area 18, with side AB parallel to the side CD and 


AB =2CD. Let AD be perpendicular to AB and CD. If a circle is drawn inside the 
quadrilateral ABCD touching all the sides, then its radius is: 


(a) 3 (b) 2 (c) 3/2 (d) 1 
(B) Tangents are drawn from the point (17, 7) to the circle x y? =169. 

Statement-1: The tangents are mutually perpendicular. 

because 


Statement-2: The locus of the points from which mutually perpendicular tangents can 
be drawn to the given circle is x* + y? =338. [IIT-JEE 2007] 
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11. (A) 


(B) 


(C) 


(i) 


(a) Statement-1 is true, statement-2 is true; statement-2 is a correct explanation for 
statement-1. 


(b) Statement-1 is true, statement-2 is true; statement-2 is NOT a correct explanation for 
statement-1. 


(c) Statement-1 is true, statement-2 is false. 

(d) Statement-1 is false, statement-2 is true. 

Consider the two curves 

Ge y* =4x; Co: x84 y* —6x4+eb=0.Then: 

(a) C, and C, touch each other only at one point 

(b) C, andC, touch each other exactly at two points 

(c) C, andC, intersect (but do not touch) at exactly two points 

(d) C, andC, neither intersect nor touch each other 

Consider, L,}:2x+3y+P-3=0; Ly:2x+3y+P+3=0, 

where P is a real number and C: x? + y? + 6x -10y +30 =0. 

Statement-1: If line L, is a diameter of circle C, then line L, is not always a diameter of 
circle C. 

because 

Statement-2: If line L, is a diameter of circle C, then line L, is not a chord of circle C. 


(a) Statement-1 is true, statement-2 is true; statement-2 is a correct explanation for 
statement-1. 


(b) Statement-1 is true, statement-2 is true; statement-2 is NOT a correct explanation for 
statement-1. 


(c) Statement-1 is true, statement-2 is false. 
(d) Statement-1 is false, statement-2 is true. I am Pr® 
Comprehension 


A circle C of radius 1 is inscribed in an equilateral triangle PQR. The points 
of contact of C with the sides PQ, QR, RP are D, E, F respectively. The line 


33 ;) 


PQ is given by the equation /3x + y —6 =0 and the point D is we Al 


Further, it is given that the origin and the centre of C are on the same side 
of the line PQ. [IIT-JEE 2008] 


The equation of circle C is: 
2 
(a) (x-2V3)? +(y-D?=1 (b) (x-28)? +[ y+) =i 


(c) (x-V3)?2 +(y +)? =1 (d) (x-3)7 +(y-1? =1 
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12. 


13. 


14. 


15. 


16. 


(ii) Points E and F are given by: 


3 
(a) 2. S)08. 0) (b) 2. + }08 0) 
( (23 3) (43 2 a (2,48) {x8 2 
2727 2°72 a ie ae. 
(iii) Equations of the sides RP, RQ are: 
2 2 1 
(a) y==x+Ly=-—x-l (b) y=—=x, y=0 
v3 V3 v3 
(c) y= Bxayys Bet (d) y=~73x, y =0 
Tangents drawn from the point P(1, 8) to the circle x* + y* -6x —4y —11=0 touch the circle 
at the points A and B. The equation of the circumcircle of the triangle PAB is: [1IT 2009] 
(a) x7 + y*+44x-6x +19 =0 (b) x? + y*-10y +19 =0 
(c) x? + y* -2x + 6y -29 =0 (d) x? + y* -6x-4y +19 =0 
The centres of two circles C,; and C, each of unit radius are at a distance of 6 units from each 


other. Let P be the mid-point of the line segment joining the centres of C} andC, andC bea 
circle touching circles C, and C, externally. Ifa common tangent toC, andC passing through P 


is also a common tangent toC 5 andC, then the radius of the circle C is: [IIT 2009] 
The circle passing through the point (—1, 0) and touching the y-axis at (0, 2) also passes through 
the point: [IIT 2011] 
(a) [-2.0] (b) (-2, 2| (©) (-2.2) (d) (-4,0) 

2 2 2 


The straight line 2x —3 y = 1 divides the circular region x? + y” <6 into two parts. If 


CEIEIES} 


then the number of point(s) in S lying inside the smaller part is: [IIT 2011] 


The locus of the mid-point of the chord of contact of tangents drawn from points lying on the 
straight line 4x —5y =20 tothe circle x” + y* =9is: [IIT-JEE 2012] 


(a) 20(x? + y*) -36x+ 45y =0 (b) 20(x? + y7) + 36x -45y =0 

(c) 36(x? + y*) -20x + 45y =0 (d) 36(x? + y7) +20x - 45y =0 
Paragraph for question Nos. 17 to 18 

A tangent PT is drawn to the circle x” + y” = 4 at the point P (V3, 1).A straight 
line L, perpendicular to PT is a tangent to the circle (x — 3)” + y” =1. 


[1IT-JEE 2012] 
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A common tangent of the two circles is: 
(a) x=4 (b) y=2 (ce) x+V3y=-1 (d) x+2V2y=6 
A possible equation of L is: 
(a) x-v3y=41 (b) x+V3y=1 
(c) x-V3y=-1 (d) x+V3y=5 
The circle passing through (1, — 2) and touching the axis of x at (3,0) also passes through the 
point : [IIT-JEE (Mains) 2013] 
(a) (-2,5) (b) (-5,2) 
(c) @,-5) (d) (5, -2) 
Circle(s) touching x-axis at a distance 3 from the origin and having an intercept of length 2/7 
on y-axis is(are) : [IIT-JEE (Advance) 2013] 
(a) x7 + y* -6x+8y+9=0 (b) g2oPy —6x Haye 9 =0 
(c) x7 + y* -6x-8y+9=0 (d) x*+y?-6x-7y +9=0 
— 
PANS WER S_ 
1. (A) d; (B) b,c 2. (A)c; (B)a 


3. (A) 6x-8y+25=0and6x-8y-25=0; (B) (-9/2,2) 
(C) x? rox + 4x —-12 =0,T,:V¥3x -y + 2v3 + 4=0,T,: V3x—-y +2V3 -4=0 (D.C.T) 
T,:x+V3y—2=0,T,:x+~3y+6=0 (TCT) 


4. (A) a; (B) 0A =3(3 + V10) 

5. (A) x7+y*+14x-6y +6=0; (B) 2px+2qy=r 

6. (A)c; (B)a 

7. ¢ 8. 2x2 +2y? -10x-5y +1=0 9. d 
10. (A) b; (B)a 11. (A) b; (B) c; (C) (i) d; (ii) a; (iii) d 
12. b 13. 8 14. d 15. 2 
16. a 17. d 18. a 19. d 


20. a,c 
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SOLUTIONS (1) 


x? + y* + axt(Va2 - 4b) y =0 


Oniy One Choice is Correct: 


Le 4. (b) 
-(a 
ia r7(2cos” @ +10sin* 6 +6sin0cos6) =1 
: 2 1 1 
— < = iI 
Kos 3sin20-4cos20+6 6-5 
@ r<l 
2./rh + 2 Jit =O nit (r cos, r sin@) 
= Vr(6 +3) =6x3 
> r=4 
2. (b) For ZACB to be maximum, 
circle passing through A,B will touch | 
x-axis atC. 
_ Minimum distance between curves 
A =3-1=23 
5. (d) Equation of pair of tangents PA and PB 
is 
B 


(1,1) | 


OC * =(OA)(OB) 


x? =ab 


x= ab 


3. (ce) | 


(xh + yk - 1)? =(x? +y? -) 


(h? +k? -1) 
Put x =1, (h-1)? +2ky(h-D 
=y*(h* -1) 
Pk 


y7(h+ D =2ky =(h=DE0 
AB =|y — y2|=2 


(x -— x4) (xX - X29) +(y¥ - x1) (y¥ + X2) =0 2 


x? oo ae —(X1 +X_)xX+(X2 -X1) y =0 
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4k? _Mh=D 
(ht? (h+D 
(h+ 1) =k? +(h? -D=> k? =2(h+D 
y? =2(x+1) 
6. (d) Area of trapezium 
ABCD = (a +3a)(2r) =4 


= ar=1 


, “| 


Equation of BC is y = | « = >) | 
r 


y+r?x-3r=0 9. (b) r=Rcos60°= 


BC is tangent to circle A(1, 1 
ie, “Sh awa —_ 
—— = =r a a 


=> r44+4-4r72=14+1r+ 


R 
2 


a3. 
=> r—_ 
y)) 
1 
x — x (2h) (2k) 
7. (a) r=— = 7 = 
S -(2h+2k+2Vhn™m) 
2 Equation of incircle is 
= 2hk x7 + y7 +2gx +2 fypm gg? + f? 


2 2 
eevee 24 f2-c (eg? (f+)? 


=> Locus of xy=x+ y+ x7 +y? 4 4 4 


R*=(g+D° + +) 
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=g° 4+ f? 4+2¢4+2f42=97 +f? -c “. x,yeQ, if me Q= Infinite points 
.. Equation of incircle becomes are possibig’ 

A(x? + y7) +8gx +8 fy a (3) 


=2(g¢+ f) -3(g* + f7) +2 

=(2¢g-3¢7+D+(2f-3f74+D 

=(1-9)1+39)+(1-f)1+3/) 
10. (b) S=x? ee -9+2x+y-1) 


x2+ y2=9 


Centre lies onx + y=1 
=> —-\%ab 


S=x*+y*-x-y-8=0 


11. (d) m= ac ° -tan{ >] 
cos8+1 2 


1-tae 2 pein” 
P(x, y)= 


1+tan2 tan? ? 


P(cos6@,sin@) 
= (xy) 


From figure it is clear that circle has 
AB as diameter 

13 
r=— 

2 


— 
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14. (c) OABC in the shortest path Hence the circle passes through the 


— 5, OT 7 origin 
OA + AB + BC =10cos30 as + 10 cos 30 tangent at (0, 0) is 4x + 6y =0 
on 2x+3y =0 
=10V3 += 17. (a) 
&(12, 16) | 
15. (c) Ar. (square of sides 2) = 4 sq. units te 
y x= /3 —r=PB 
a ilWe - | now v3 =r = sin30°=4 
Ges: 2 


16. (d) Note that the ABC is right angled at A 


A (0, 6) 


B(5, 5) Ge, i) OB =O0C, 1 C1C5 + CoB 
= J2 =rv2+3r+ 2rV2 
equation of circle mo) 
r=———_ 
(x + D(x -5) +(y -DGy -5) =0 3(/2 + 1) 


x? 4+ y*-4x-6y -5+5=0 
x? + y* —-4x-6y=0 
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19. (a) Shortest distance =CD —r 22. (b) B (3 k+ 2) 
_[9-16-25| 2° 2 
5 \ | Put B to equation of circle 
M(h,k) 
B 
(0,3) 
A 


20. (b) 


=> (*) +a(2)4(A23 3) =0 
Required locus is 
x? + xe)? =0 
23. (b) Equation of pair of tangents is 
(3x +6V2y -81)(3x -6V2y —8) =0 
(x -27)?-8y?=0 
x? —54x -8y7 +729 =0 


21. (b) (AC)? +r? =(36)? Pe ai 7 
(CE) (CF) =(CD) (BC) 
=> (AC -r)(AC +r) =16x 36 ...(2) 


On adding (1) and (2), we get 
=> 2(AC)* =36x52 
=> AC =6/26 


(3, -6V2) 


L_ 


24. (ec) OA? =AC? +0C? 


2 2 
Ss fe oe seit 
8 8 
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7 


cE : 


4 
7? -(ap)?+_“)_& 
f (AB*) -(AD) 
__(AB)*(AD)? 
25. (a) rie is si of the nae oo as (AB)? —(AD)2 
iameter intercepted by the given 
circle. i.e. , AC = ee (4D) 
(AB)* —(AD)* 


(x -2)(x -3) + y(y - 4) =0 
28. (b) Slope of C;C, =-5 =tan6 


= cax(oes(-3).0+2(5) 


3 4 
26. (d) Centre will be mid point of C; andC, 5 5 


(P24) -2.9) 


2 2 


= 


27. (d) (AC?) =(AD)? + (CD)? 
(AB) =(BD)(BC) = BD(BD + DC) 
= (BD)(DC) =(AB)* - (BD)? =(AD)* 
AD2 : (AD)2 


BD (AB)? -(AD)? 


=> JOG 


Circle 


sin@ =—- = 
3r 


WlH 


DE =2(2rcos0) =4x3 (222) 
DE =8V2 
30. (a) Let the equation of tangent is 


x2+y2=4 


xcos0+ ysind =1 
(x,,-D lies on tangent 
=> x,cos0-sin@=1 
x, cos®@ =1+sin0 (1) 
now (x, lies on tangent 
=> X»5 cos@ =1-sin@ ...(2) 
(1) x(2), x4 x5 cos? 0 =1-sin? 6 =cos* 0 
=> X4X_ =1 
31. (c) Equation of chord of contact of the 
pair of tangent from (0, 0) and (g, f) 


are 
gx+ fy+c=0 (1) 
2 ee 
and gx+fy+ eepes =0 ...(2) 
These lines are parallel 
a og +f" + 
2 


Hence distance = 


32. (c) Locus of centres will be the radical axis 
of two given circles given by 


9x -10y+11=0 


125 
33. (b) (PQ)(AQ) =(QC)? 


9 
= PQ == 
Q 2 


QC _PQ 


=> PR=6 


RC PR 
(RC)? =(RB)(RP) => RB -> 


34. (d) 


_ 


35. (a) Put [he | to equation of circle 


2 2 
n? + th +? 0 
4 2 
4 ob 
h a must get two 


distinct real roots 
=> D>0=>a7-3b7>0 


rj? + rz —(C He)? 


36. (b) cos0 = 


27 Po 
_10+5-5 1 
2-/10./5 V2 
=> o=" 
4 
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2(R/L) 2RL 


1=(R7/17) 17 =R* 


2 2.2 22) 
Nyyxi + yi -4 


2 2-2 2 
xj +yyz-a°-a 


(x? +477 Gao)? =4a7(x? + y? -a7) 
(x? gay)? + 4a* — 4a?(x? iy?) 
=4a7(x? +¥ %& a”) 
(x? yy +8a* =8a7(x? #y7) 
(x2 + y2)? =8a2(x2 4 y? —a?) 
=> A=8 
38. (c) Let the circle be 


(x-1r)? +(y -n)? =r? 


: 
Bea + y? —2rx — 2 =0< ' 


ie) 


Orthogonality 


=> Arn. +212 =r? + ee 


=> 6nro =(4y +f) 1) 


Circle passes through (a, b) 
=> r*-2(a+b)r+(a* +b2) =0 
From (1), 6(a” +b?) = 4(a + b)? 


= a? +b? —4ab=0 


40. (c) For max common difference, the 
smallest circle just touches the line 
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js ‘ <—) 
41. (b) ida intgec se 43. (a) Equation of AB is xh + yk =r 
2 AB is tangent to 7 Peay =a” 


= —_—e! 
Vh* +k? 


=> r*=ab [(.h? +k? =b7] 


2 2 2 2 
(PA)" + F3) D) => Equation of circle is x? + y* =ab 


¥ 2 2 2 2 
=(x -V3)* + ee + (y-D 44. (a) Equation of AB is 
552 ; " 5 xh+ yk=1 (1) 
+HxtVv3)° + y%4+x%4+(y+D AB =S, —39-0 
=4(x* + y? +2) 0. + oihe+ (22 Heyy +2=0 ...(2) 
2 (3 ‘ 2) =i (1) & (2) are identical 
h k —1 
as a a 
42. (d) Line is tangent to circle as shown A+6 2-8 2 
2h k 2h-k 


+12 22-8 20 


1 ac a-c 
= a 
>( b b a-*) 


[.(-1,0) lies above the line 
y-x-c=0] 
=> c=-l 
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1 PAS UE 
area of sector = —-1-— =— 
2 3 3 


shaded region = V3 — = 
A 2 

; > 47. (d) y, =2x, +5 | 
a and as) x2=-1 


B x2+y2-(A+6)x-(22-8) y—3=0 


= 


=> 2x-y=-10 


=> 2x-y+10=0 
=> x,=-6 and y, =-7 


48. (a) Equation of © is 
x ae 0.7 


| xe ye —2hy =0 (1) 
>»... ¢ (1,1) | 


45. (a) Equation of circle is 


x? ia — 2 ee =0 


| A(0.0) B(1,0) | - 


Put (1,1) Let the pole be (h, k).It's polar w.r.t. (1) 
> r? —4r+2=0, r=2+ 2 is 
h+ky -A(k =0 
2-2 be < 1) xh+ ky —(k +) 
ie xh +(k-A)y -Ak =0 ...(2) 
46. Gg=1; L=v3 compare it with k+my+n=0 and 
area of quadrilateral = /3 eliminate i . 


49. (c) Diameter of the circle is given as 
2x-y-2=0 eeC1) 
slope of PN: 3 id 1 
4-2 


equation of normal through PN is 


Circle 


Pas) | 2 
=) 1. ag 32 _ v3 
N(2, 1) 2 2 


_ 5 BP 
2 2 
Z 52. (a) r7 —P? =r? —P? 
Te vee a 
y =1=(x-2) ~ le 
x-y-1=0 esky) a fo” 
solving (1) and (2), centre is (1, 0) 2 
Hence equation of the circle is => equation of line y =x S 


(x-1?4+ y? =(2-1741 
2 2 y=xtc 
x“ +y* -2x —J=0 Ve 


50. (d) 


(K. 


[o 


x-1l y-2_ 9 (2-143) 
-1 1 2 


53. (a) 


From figure it is clear that 
SAE = a 2(AB) 
cos 60° 


51. (b) Area of APBQ =2 (area AAPQ) 


a | 


< 


x? + y? -10x+4y +28 =0 


L 


0) Eqn: of S’ is (x -—5)2 +(4+2)2 = 
B 
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54. (a) sind -= f 1) a) 


Slope of AB, AE are ‘ 


a 


b 
fe? 4 2ef a? 12pr 10 


=> abcd =1 d 
57. (c) Equation of PQ is 


2 2 
bevky 1? 42[ 0,8 als 


=> 4y+3x=0 


k 


D is image of A wrt. OB 
x=-0 ae 9 405) _ 8 
5 


da( 2 =) => OF= 


7 
5 


k-3 2 
h-2 5 (0,3k)B | 
5k=2h+11 
2x -—5Sy +11=0 
56. (c) Let circle is 
x Pyrenean +2 fy +c=0 | 
(3h)* +(3k)* =(6k)? 
h? +k* =4k? 


O(0,0) A (3h,0) 


Circle 131 


36, (bj anes = 


1 
$)9 fd 


Slope of QR = -: 


Equation of incident ray QR is 


4 
; l==— (e+ 
m4 yetam a9! 
AB =2 9 =2(3) 1 -3/2 3y +4x+11=0 
Ss so 7 63. (c) Circumcircle of APAB 
Gi (b) r=Reos60° =" has OP as diameter 
a 2 If circumcentre = (h, k) 


61. (d) Let equation of tangent to y* = 4ax be 
ty=x+at? 


If passes through (a,2a) 


=> 2at=at+at? = a(t —1)* =0 
=> aeR-({0} 
62. (b) 


=> P=(2h,2k) 


P lies on x? +Va =4 
Reflected ray => (2h)? +(2k)? =4 


Locus of circumcentre is x7 + y? =1 
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SOLUTIONS (2) 


One or More Than One Correct 
1. (a, c) 


oa? +[y Fy (3) 
y 


(Fy 


From x + y-1l=+(x-y-J) 
=> y=0Oorx=1 (rejected) 


me 7 (x-l? 
(x -3) i 5 5 


=> x=4,6 
2. (a, b, c, d) 


OA =/2a 
Largest radius = /2a +a 
Smallest radius = /2a —a 


Area enclosed by circles 


=(2a)2 4{ Za2)-c4-ma? 


3. (a, d) 


Circles will be in circle and excentral circle 
of A ABC as shown 


/ -( 43) 3(4) 


, Jean 
44345 44345 


(9 = |-6.8 
—3+44+3 -5+4+3 

ir = lhe) 
4. (a, b, d) 


Circle 


Exactly 
[2 -2/2,0] U [4,2 + 2V2] 


5. (a, c) 


one 


root 


in 


PQ is chord of contact of (h,k) w.rt. 


x2 


= Equation of PQ is xh + yk =a? 


PQ is tangent to (x =a)? + af? =a 


+y7 =a 


2 


=> (h-a)? =h? +k? 


Locus is (x —a)? =x? aa 


ie, y* =a(a —2x) 


6. (a, b) 


| 
=f.) 
(0, Ek 
| 


er 


sin 45° 


= ae 


ors gf 


2 


7. (a, b, d) 
a 
2.) ie 
eeame | 
[2.5 
a 
2 
Put x = ay? —ky ns 
9 
D>0 => kh? >0 
ie (h, k) 
[+ 
) 
[+ 
put x =—— 
2 
= y? = ky + =0 
D>0 => k*-15h?>0 
k? > 15 
8. (a, b, d) 


~ 


Eqn. of circle is 

(x #a2).+(y +b)? =a* +b? 
or (x+b)? +(yta)” =a" +b? 

x? 4+ y? 4+ 2ax + 2by =0 


or x7 +y* +2bx +2ay =0 
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Eqn. of tangent origin is 
ax+by=0 or bx+ay=0 
9. (a, c, d) 


L (7, 3) 


oa 6.1):B f(7,1) 


Area of square OACB =2 x2 =4 


Radical axis of the family S =0 is line 
AB whose equation x = y + 4 


Smallest possible circle of family S =0 
has AB as diameter given by 


(x—-5)(x-7)+(y -D(y -3) =0 
=> x74 y7-12x-4y +38 =0 


10. (a, c, d) 
7 


L 


a=9+2/2 
b=9 -22 
ab =81-8 =73 
a+b=18 
a-b=4/2 
11. (b, d) 
Centre of circles which touches the 
lines 


x+y=landx-y=1 
are (1+ 27 /2,0) and 
(1,+2-/2) 


12. (b, c) 


Slopes of PA and PB are tan(a + 8) 


where tana =— = 


A,B -[4 + 2vs{ =) 8+ 2n5{ -)] ’ 


(+--4 3) 2) ES) 


13. (a, d) 
Area of quadrilateral 


15=./54=c JC 
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> b= 5 
a“ +1 
m b? 1. 1 
2 4 
a“ a‘+a Ae 
1 


C? -34C +225 =0 qm 
(C -25)(C -9) =0 
C =9,25 
14. (a, b, d) 
9a? +6a+1=5(a2 +b) 
3at+1 


= Lar distance of (3, 0) 
from ax + by +1=0 is V5 


=> Centre of circle =(3,0) 


radius = /5 
16. (b, c) 
tanc -22 2 Eqn. of tangent to y =x? is 
b 61 lL» 
= AD=ab<AC=1 => ab<l , ae 


B ar from centre (0,2) =2 


fete 
> ——=2 


Vi+e? 
=> (t? +8)? =64(1+t7) 
t* —48¢? =0 
> t=0,+ 4/3 
Eqn. of tangent is +4./3x = y +12 


y 


| >< © ———_ > 


Eqn. of tangent to y =—x? is 


(AC)? =(AD)2 +(CD)? =a7b? +b? =1 
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a eee => t*-g0t? =0 
4 > t=+4/5 
tar from (0,2) =2 Equation of tangents are 
[fe?-2] +4,/5x = y -20 
4 
> 2 
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SOLUTIONS (3) 


C omprehension: (2) 


K~ | 
Also, a — 38 =(a + 3B) +(a +B) wp 


[using exterior angle theorem] ; 
as a=-7B 1. (d) Area of quadrilateral 


BFEC = AABC — AAFE 
= AAOB + ABOC + ACOA — AAFE 


From AABD ,a -—B +a ae 


e -- "a =*R2(sin2C +sin2A +sin2B 
a 24 ; 
é —sin(m —2A)) 
4B=2+B)=,, 


= ae 2B +sin2C) 
Tl TT 2 
ZAS~ , ZC =— 
6 3 


2. (b) AE=R; AF =2RcosA 


1. (b) Area of circle circumscribing => EF=R 
2 T 
nase =a >) -2 3. (a) If ZAFE == 
. . = AAFE is equilateral 
2. (b) ABOC is equilateral : 
. sum of squares of altitudes 
ala) 
§ oe. 1 -2(&5) _2 Rp? 
2\2 c 
3.2 3 omprehension: (3) 
3.(d) BD =—sin—=— : : 
2 6 4 AT and BT are radical axis toC 3 andC, 


BB'=2BD = V3 and C3 &C» respectively. 
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T is radical centre => radical axis of C, 
and C, ie., common tangent passes 
through T: 

TA =TB =TD =4 

8 8 

2 “oom 2 4 
(ZATD =0,, ZBTD =85) 


tan 


d 


0, +9 2°4 
1. (d) rs =TAtan =4 =8 


2. (b) Circumcircle of ATAB_ will pass 
through C3 has TC3 as diameter 


2 
T 
=> area-a{ 8 " 


TC3 = — F) = = =4/5 
oof 292) Wh 


Area = n(2V5)* =20n 
3. (d) C3C, =r3 -1ry 
C302 =13 —Tp 
=> C3C, —C3Cy =1rg -—1, =1 


C omprehension: (4) 


1. (b) Area = , (1)7te=8) 4 52) sin 


cae ae 
2 2 


eee P (cos 8, sin @) 


NEI © B (0,0) C(1,0)  D(2, 0) 


A acin 
2 
dA 1 + 
=cos@-—, —4 
do 2 DES 


A is max. for 0 +3 


_% 3 _2n+3V3 
37 2 6 


prone P (cos 8, sin 8) 


il 1 
A= —sin0(2) +—(n-0 
sin 0(2) (x - 9) 


2. (ec) L=3 +(n-9) +/@ ~—cos0)? +sin2 6 


=34+(n-0) + V5-—4cos0 
4sin0 


2V5-—4cos0 


=> 4sin?0=5-4cos0 


dL 
3. (c¢ =-] 
Oe + 


=> 4cos*0—4cos0+1=0 
T™ 


1 
=> cos0O=— > 0=— 
2 3 


L(0)=3+n+V1=4+4+2 


Circle 


[(n) =3+V75+4=6 


L(n/3) =3 +4 [5 5 =3403 + 


Comprehension: (5) 


Let b =tand 


=> tanOe¢[2—-3,2+ 3] 
=> Ge«[15°, 75°] 
51 
1. (d) Area =~ 9 —4) =— 
(d) me ) ; 
2. (ce) |r (cos + sin 0) |=rv2|sin(0 + 45°) | 


> 2/2 sin(15°+45°) 


minimum = 2/2 sb = V6 


3. (d) (AB) = /9 + 4 — 2(3)(2) cos 60° 
= 7 
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( omprehension: (6) 


g(x, y) =0 represent a circle concentric 
with circle f(x, y) =0 with radius twice 


the radius of f(x, y) =0, centre -(3 ne 


f(x,y) =x? + y? -5x-4y + 4=0 
ax, y) =x? + y? 5x -4y = =0 


1. (d) Area of AQAB => x5x5=— 


- 
2. (d) 6=tan7! = 
(d) 4 


Area of region inside f(x, y) =O above 


X-axis 
2 
->(2) Qn tan (22) + Sau 
2\2 7 2 
= 2 ran 2) 
8 7 
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3. (d) Points satisfying the conditions are " -0 i{ |) 0 (#2) 
9 
_(7 -4v2 
9° 9 


Eqn. of BE is y =x —3), Solving 


intersection of line 
BE with circle S,, 


x? + 2(x-3)? =. 
(1, 5) (1, 6), (2, 5), (2, 6) (3, 5), (3, 6) 


=> 27x* -12x-7=0 
(4, 5), (4, 6), (5, 4), (5, 5), G, 6). 


=> (9x-7)(8x+1)=0 


Comprehension: a) =F -2 22) 
1.(e) 2.(c) 3. (ce) 13 
tan@ =2/2 c 
omprehension: 8 
AG =2J2 Pp (8) 
Mpp =2V2 1.(d) 2.(c) 3. (b) 


roe-a(3)o-+(3F) 


| 7 aide 
Tee 
Mag =—tan(m — 20) =tan 20 


_2(2V2)_ 4v2 
1-8 7 


Circle 
== =tanc 

=> A=C 

=> BC =AB=25 
=> AC =2(CD) =30 
AB + BC + CA =80 

AP =CE =24 

DE =AD=DC =15 
oe, a n(15)* _ 2257 


4 4 

(AEPC is cyclic quadrilateral with AC 

as diameter) 
.  EFGD is cyclic 
=> ZAFG=/GDE 
BEDC is cyclic => ZGDE = ZABC 
=> ZAFG=ZABC = FG||BC 
AAFG ~ AABC 
AK _ AF 
AP AB 

1 


AF =>AE=9 -: AD =DE 


9x24 216 


AK = = 
25 Was 


Comprehension: (9) 
1.(c) 2.(d) 3. (ce) 
Equation of circle is 
- aa 8-2 er =0 
Put (32, 1) 
= 7? -66r+1025=0 
=> r=25, r=41,r=41 is rejected 
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E (32, 1) 
B (32, 0) 


A (0, 0) 
) tan 2) 
15 
=> 20 -21an(>| = 1 tan) 
33 8 


Area of 


AFCB =; (40) (32 +27) =1180 
Comprehension: (10) 
1.(d)a+B<n>a+fP<n-1 

l<a<n-11<B<n-la,pel 


No. of points (af) 


=n1-242¢, nlc _ t= DGr=2) 
2 
n* — 36D 
7) 


2. (b) Number of rational points is 2 given by 
(5,0) and (—1,0). 
3. (c) Lattice points are (+5,0),(0,+ 5), 
(43,+ 4),(4+4, +3) 
=24+2+4+4=12 
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C omprehension: (14) C omprehension: (16) 
1. (d) Locus of S is a part of circle with OP as 1. (b) By homogenisation, 
diameter passing inside the circle C. Ke? + y? +2(3x -Sy) 


2 
OE) a eg 
b b 
As the angle subtended at origin = 1/2 


coefficient of x” + coefficient of y 20 


6a 10 1 a? 


2.. (d) (PR) (PQ) =(NP)(MP) =(d+r)(d-n) —_  » 
=d* -r? => a*+2b? -6ab-10b+1=0 
locus of (a, b) will be 
=(PS - SR) (PS + SQ) =PS* - SQ? g(x,y) =x? +2y? -6xy -1l0y +1=0 
(SQ =SR) 2.(d) y=1 cuts the curve g(x,y) at 
=(PS)* ~(SQ)(SR) x? -6x-7=0 
3. (a) Using Ptolemy's theorem > 7, —1 
in first quadrant at (7,1) 
421 
(7,1) -24 6 


3. (a) Equation of the chord with middle 
point (1, 2) will be T =S, 
=> x-l+y-24+3(¢«+)D-5(y+2)+1 
= 17427 +6-1-10-241 
=> 4x-3y+2=0 


Ay | 4 

So x -39 
Bs dx nd 
>. 4 


(BD)(AC) =(AB)(CD) + (BC) (AD) 
Bl=ly+al 


=> Bp=yta 


Circle 
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SOLUTIONS (4) 


Assertion and Reason 
1. (D) AC, CC; is equilateral 


OC > =—I9 -T 
r =(T) — 1) cos 30° 


= To 2 2 EAS 
mn V3 V3 
1 vB 
Tr 2 el 

2. (C) 


C1Co ail 
2-r=rJ2 


r*+4r—4=0 


4. (C) 


= 


B(2cos0,2sin0) 


P, + Py 42sin0 + I+-2 sind + 1]/=2 
If A,B lie on opposite sides of PQ, then 
P, +P», = constant 

5. (C) If ACB and CBD 
are minor segments of AB and CD 
then AP = PD, PB = PC 
If ACB is minor and CBD is major 
segment of AB and CD respectively 


then, PB =PD and AP =PC. 
6. (D) (XZ) (YZ) =(XZ)? 


2 
=(AZ)(ZB) (4) 


- 


X 


YoY 
> le 
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za 
| = 
=> (AD) (AE) =(AB)(AC) > (AD)? 


AD < ,/(AB) (AC) 


8. (C) 


(CE) (DE) =(OE)? — r 
(FA) (FD) =(OF)* —r? 


OE = OF 


P Sea 
L = 
=> (CE)(DE)=(FA)(FD) 


(PQ) (PR) =(OP + 1r)(OP —r) 
=(OP)? —r? 


9. (A) Use diametrical form of circle with 
A(x1,¥1) and B(x2, y2) as diameter. 


10. (A) 


AP+AQ (OA-r)+(OA+Tr) | 
2 2 
AB 


AK 
cos 8 = — =—— 
OA AK 


OA 


=> (AK)? =(OA)(AB) 


Also (AK)* =(AP)(AQ) 
(OA) (AB) =(AP)(AQ) 


+ [PEA ap =(AP)(AQ) 


2(AP)(AQ) 


=> AB= 
(AP + AQ) 


11. (C) S-1 is true, S-2 is false 


Case-I If 8 e[n/2 ,7) 
a” =(PA)* +(PB)? —2(PA)(PB) cos0 
> (PA)? + (PB)? 


5? <(PB)* + (PC)* 
c* >(PC7) +(PD)? 
d* <(PD)* +(PA)? 
=> a?4+c*>(PA)? +(PB)? +(PC)? 
4(PD)? > bh? =? 


Circle 
Tl 
Case-II I[fOce [o, 4 


=> a*<(PA)? +(PB)?, 
b? > (PB)? +(PC)?, 
c* <(PC)? +(PD)?, 
d* >(PD)? + (PA)? 
= aac” < (PA)? + (PB)? + (PC)? 
+HPD) =p ed 


Ifa* +c? =b* +d? 
a” =(PA)* +(PB)*, 
b? =(PB)* +(PC), 
c* =(PC)* +(PD)”, 
d* =(PD)* +(PA)? 


Q=— 
2 
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SOLUTIONS (5) 


Match the Columns: 
la>rb>q;c>p;d->s 


(a) FH -1-2{ Fan 15° |=V5 -1 


Area, A= ; d,d» 


=508 ee) Ne 


a+b=5 


() #-_ A =| 
sin(150°) (1/2) 
=> BRE 1 
(d) h, =asin60°= ge 3 
cos15° 2 
_ N38 
J20/3 +1) 
1 1 1 -o 24228) | 
+ + 
hp hz hg 
=8+4/3= 8+ (48° =6 


2.a>s;b>p;c>r;d->s 


(2x, x pens + 2X4X, + x2 + x2 + «274 


(y7 +3 +3 +212 +2Y2V3 +2Y3y1) =0 


> (x1 x5 +%5)7 +04 +¥> 
> X,+X_+X3 =0 
and y; + ¥2 + y3 =0 
= Circumcenter and centroid of AABC 
coincide 


=> AABC is equilateral 
(a) 
(PA) + (PB)? + (PC)? 
=(x-x,)? WG -y1)* + Gar)? 
+H(y¥ — ya)? 
+(x-x3)7 +(y-y3)? 
=3(x7 + y?+1 =6 


(b) ZOBQ = > k = 


2 


(c) Max. distance of R from S, 
fe 41a 4) 
J2 


=> d?7=34+2V2 
a+b=34+2=5. 

(d) I and G coincide with origin 
IA =IB =IC =GA =GB =GC =1 
JA+IB+IC +GA+GB+GC =6. 
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3.a>+q;b>s;c>p;d>r 


AAMB is isosceles 


angle bisector of ZA is | to MB 
v3 


Cc! 2c 
sinO sin60° 


=> sind= 


[.. AB =c, AC =2c] 
a” =c* + 4c? — 4c” cos(60°-8) 


=5c? (8 l + v3 8) 


ae 4 
aa d7 213 | 
V2 
14-2V13 _ v13 -1, 
2 2 
ea 13 -1 ABCD is a rhombus with side 
@) MT > 9 25 
=4+—=—. 
(b)  R abe ac(2c) 2c 4 £ 
4A ' 3 aio Area of ABCD 
ac—— 
2 3 
R 1 2 25 25 25 25 2( 3) 
Alt. 2R = = = =— x —sin§ =— x 
sind c 2/3 V3 4 4°94,,9 
4 16 
Vf a0. a= 1a al 
ke Ol 2° 2 
(c) nR2 4 5 => d,d,=75 
™—C 
d? 7 dj 625 (d, +d)” -2d,d, 
_3V3 a _3V3 (gg _y 4° 4 16 16 
(d) AB 1 


AB =c,AC =2c, =_, 
AC 2 
4.a>s;b> p;ce>q;d>r 


5.a>s;b>r;ce>q;d->p 
Lar distance between AB and CD 
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Rap R== 


C, =(2RV3,2r) =(3V3r2n) 
Cy =(RV3,R) (2 =| 


7 


2 2 
2 — 
C1Co = ra = =P 7 


2 16x16 16 
cos* 0 = = 
4x10x10 25 
=> cog 
5 
3 
Yp -16{ 3) =12. 


7.a>p,q;b—>p,q;c>q;d—>q,s 


8.a>q;b>s;c>rjd->p 


(a) Using parametric form, 
Length of common tangent 
=7r* -(R+r)” 


2. 25r V3 
4 a 


6.a>s;b>q;c>r;d->p 


= ie 


(a) Q lies on y-axis i.e., OQ = radius 


yp 0 
114+5 
= Yp =16 
11-5 
(b) xq =-— "= 3, vg 
2 
= 25-9 =4 
Ate _4 
2 
> Yp =8 (b) C1C5 =r +19 
(c) Let ZQAB =0 > 2(r-)*=(r+D? 


2516) (éene)= 5 eCOeeseiClaine) 
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(x? ye -2x-2y+1) ~( ay? 


(c) C=x? ay -2x-2y+1=0 


—2rx —2ry + r*)=0 


C, =x? 4+ y? -2rx -2ry +r* =0 > (2r—2) x+(2r -2)y +(1-r7) =0 
orthogonality Put (1,1) 
> 2r(1)+2r(D=r7 +1 = 4r—441-r*=0 
=> \7? -4r+1=0 => r?-4r+3=0=> (r—-D(r-3) =0 
=> r=2+ 73 Ser=3 
=> r=24+ 3 9.a> p; b>q;c>r;d>s 


(d) Equation of common chord AB is 10.a>q;b>q;c>t;d>p 
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. — 1 x 
Subjective Problems < gee aay 


1. (22) 


OA = ror * 4 = 2rcot 2 
4 2 , 


Let, tan £ =t 
2 


=5*3 Mo J15 3/15 ues 


2-9 
15 

3. (6) 
Points satisfying the inequalities are 
common to all 3 circles given by (1, 1), 
(1, 2); (2, 1), Q, 2), (2, 3), (3, 2) 


number of ordered pairs (a,b) =6 


=> at+b+c=17+3+2=22 
2. (9) 


cosa = 2 -7 [from AOED] 


0=n-2a 


BD =2cot ¢ -2001{2 a 2 tana 


[from ABDC] 4. (8) Locus is parabola with directrix 


=) 15 y =-1land focus (0,3) given by 
x? =4(2)(y-D 
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2/2 -8-C =43 
=> C=2/2 -11,2V2-5 
equation of L’ is 
2/2x -y +11-22 =0 
at+b+c_2+1+11_, 


a 2 2 
6. (4) 
Be? - 2 _ 2(OD? + 0B?) - BD? 
4 

[Length of median dropped from ‘O’ to 

BD in AOBD] 
Equation of transverse common 2 _ 24 + (OB) *) -67 mab) 
tangent L with positive slope is ‘i 
y -5=22(x-1) Also, 

4/2 (OB)? =(OA)? +(AB)? =r? +36 _ ...(2) 


[:.. slope =tan 0 = “2 = 2/2] 


D=2V2x -y +(5-2V2) =0 


| ee 


From (1) and (2), we get 
4r? =2(r* +36) — 28 
r?2=22>r= Ap 
=> ([r]=4 
7. (3) 


2r= perpendicular distance between 
two parallel tangents 


Let equation of tangent L' which is rn 7 
+ — 
parallel to L is2V2x - y =C 2 Eg 
5 2X5: 2 
2V2(1) -8-C 
V8+1 


> 7 


=1 
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3x -4y +4 =0 | 


3x - 4y-L=0 
r=— > 4r=3 
8. (6) 
Jn 21)” 
r? =a? +1-{ 4-2) 
J, 
_(-2)? 
2 
0? +82 =0 
> X=0,-8 


= Equation of circle are 


x? yee =Z 
and (x + 8)? sap? =50 
iver" ey" -2=0 
andx? + y* +16x+14=0 
r+, =V2 + V50 =6V2 


9. (5) 
Equation of CD is 


3 
+2=—(x-4) 
e 4 


=> 4y-3x+20=0 
Put y =7 


=> C=(16,7) 
Area of quadrilateral ABCD, 
N=2{ 2x5%15]=75 
i” 
15 


10. (1) Maximum and minimum distance of 


5 


point 
P(V3,V2) from circle is 2+~/3 and 
P= /3 


Largest and smallest circles passing 


through 
P must have J3 +2 and 2-43 as 
diameters. 

=> Ar, +r.) =V3 +24+2-V3 =4 
+l, | 


1 
2 


Unacademyplusdiscounts 


We are having the best collection of books. 


) @unacademyplusdiscounts_link 


. ° e ° ° ° e ° e ° e ° ° ° e ° e ° ° ° ° ° e ° e ° e ° e ° e 
. ° . ° . ° . ° . ° . ° ° ° . e . ° . ° ° ° . . ° ° . ° . ° . 
e ° e ° e ° e . ° ° e ° ° ° e ° . ° . ° e ° e ° e ° e ° e ° e 
. ° . . . ° . ° . ° ° ° ° ° ° ° . ° . ° . ° . ° . ° . ° ° ° . 
e ° e ° e ° . ° . ° . ° . °, . ° ry ° . ° ry ° . ° e ° . ° e ° . 
. ° . ° . ° ° ° ° ° ° ° . ° . ° . ° ° ° ° ° . ° . ° . ° . ° ° 
e ° e ° e ° e ° e ° e ° . ° e . e ° e ° e ° e ° ° ° e ° e ° e 
° . ° ° . . ° ° ° ° ° ° . ° ° ° . ° . ° ° ° . ° . . . ° . . . 
e e 
e e 
. ° . ° e ° e ° e of e ° e ° ° ° ry ° e ° e ° e o™™ ° . ° e ° . 
. ° . ° . ° . ° ° ° . ° ° ° . ° . ° . ° . ° . ° . ° . e . ° . 


° . 

° . 
° ° ° ° . ° ° ° . ° . ° ° ° ° ° . ° . ° . ° . ° ° ° . ° ° ° ° 
. ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . 
. ° . ° . ° . ° ° ° . ° ° ° ° ° ° ° . ° . ° ° ° . ° ° ° . ° . 
. ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . 
. ° ° ° . ° . ° ° ° . ° . ° . ° ° ° . ° . ° . ° ° ° . ° ° ° . 
. ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . 
° ° ° ° ° ° ° ° ° ° ° ° ° ° . ° ° ° ° ° ° ° ° ° ° ° . ° ° ° ° 
. ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . 
. ° . ° ° ° . ° . ° ° ° . ° . ° ° ° ° ° ° ° ° ° ° ° . ° . ° . 
. ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . 
° ° ° ° . ° ° ° . ° ° ° ° ° ° ° . ° ° ° ° ° ° ° ° ° . ° . ° ° 


(spe (1+x3)a 
oe 


(2at' at?) ® 


PARABOLA 


KEY CONCEPTS | 


1. CONIC SECTIONS 


A conic section, or conic is the locus of a point which moves in a plane so that its distance from a 
fixed point is in a constant ratio to its perpendicular distance from a fixed straight line. 


The fixed point is called the Focus. 

The fixed straight line is called the Directrix. 

The constant ratio is called the Eccentricity denoted by e. 

The line passing through the focus and perpendicular to the directrix is called the Axis. 


A point of intersection of a conic with its axis is called a Vertex. 


2. GENERAL EQUATION OF A CONIC: FOCAL DIRECTRIX PROPERTY 


The general equation of a conic with focus (p,q) and directrix lx + my +n =O is: 
(2 fam”) ([(x — p)? +(y -@7] =e? (+ my +n)? =ax? + 2hxy + by” +29x+2fy+c=0 


3. DISTINGUISHING BETWEEN THE CONIC 


The nature of the conic section depends upon the position of the focus S w.rt. the directrix and 
also upon the value of the eccentricity e. Two different cases arise. 


Case (I) : When The Focus Lies On The Directrix. 
In this case D = abc +2 fgh — af” — bg” — ch” =0 and the general equation of a conic represents 
a pair of straight lines if : 

e> 1 the lines will be real and distinct intersecting at S. 

e =1 the lines will coincident. 


e<1the lines will be imaginary. 
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Case (II) : When The Focus Does Not Lie On Directrix. 


a parabola an ellipse a hyperbola rectangular hyperbola 
e=1;D40, O<e<1;D#0; e>1;D #0; e>1;D+0 
h? =ab h? <ab h? > ab h? > ab;a+b=0 


4. PARABOLA : DEFINITION 


A parabola is the locus of a point which moves in a plane, such that its distance from a fixed 
point (focus) is equal to its perpendicular distance from a fixed straight line (directrix). 


Standard equation of a parabola is y* = 4ax. For this parabola: 
(i) Vertex is (0,0) (ii) Focus is (a,0) (iii) Axis is y =0 (iv) Directrix is x +a=0 
Focal Distance 
The distance of a point on the parabola from the focus is celled the Focal Distance Of The Point. 
Focal Chord 
A chord of the parabola, which passes through the focus is called a Focal Chord. 
Double or Dinate 
A chord of the parabola perpendicular to the axis of the symmetry is called a Double Ordinate. 
Latus Rectum 
A double ordinate passing through the focus or a focal chord perpendicular to the axis of 
parabola is called the Latus Rectum. For y” = 4ax. 
Length of the latus rectum = 4a. 
ends of the latus rectum are L(a,2a) and L’(a,—2a). 
Note that: (i) Perpendicular distance from focus on directrix = half the latus rectum. 
(ii) Vertex is middle point of the focus and the point of intersection of directrix and axis. 
(iii Two parabolas are laid to be equal if they have the same latus rectum. 
Four standard forms of the parabola are y” = 4ax; y? =—4ax;x? =4ay; x? =—4ay 


5. POSITION OF A POINT RELATIVE TO PARABOLA 
The point (x y,) lies outside, on or inside the parabola y* = 4ax according as the expression 
y? —4ax, is positive, zero or negative. 

6. LINE AND A PARABOLA 
The line y =mx +c meets the parabola y” = 4ax in two points real, coincident or imaginary 


. < ee i a 
according as aS cm => condition of tangency is, c=—. 
m 


2: 


7. Length of the chord intercepted by the parabola on the line y=mx+c is: (+) 
m 


a(1 +m2)(a—me) : 
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Note: length of the focal chord making an angle o with the x-axis is 4a Cosec” a. 


8. PARAMETRIC REPRESENTATION 


The simplest and the best form of representing the co-ordinates of a point on the parabola is 
(at 2 ,2at). 


The equations x =at? and y =2at together represents the parabola y* =4ax,t being the 
parameter. The equation of a chord joining t, andt, is2x —(t, +ty)y+2at,t, =0. 


Note: [f the chord joining t,t) andt3,t4 pass through a point (c,0) on the axis, then t, ty =t3t4 =—C/a. 


9. TANGENTS TO THE PARABOLA y? = 4ax 


(i) yy, =2a(x + x1) at the point(x,,y,); Gi y =mx + (m #0) ae( 4.72) 
m m2 om 


(iii) ty=x+ at” at (at*,2at). 
Note: Point of intersection of the tangents at the point t, and ty is [at, ty, a(t +ty)]. 


10. NORMALS TO THE PARABOLA y? = 4ax 

@ yyy =-F ex at(Ox. ys 

(ii) ~y=mx-2am—am 3 at (am? —2am) 

(iii) y + t& =2at + at? at (at 2at) 

Note: Point of intersection of normals at t, and t, are, a(t? +t3 +t, +2);—aty ty (ty +t). 
11. THREE VERY IMPORTANT RESULTS : 


(a) Ift, andt, are the ends of a focal chord of the parabola y* = 4ax thent,t  =—1.Hence the 


: b>: a 2a 
co-ordinates at the extremities of a focal chord can be taken as(at*,2at) and [4 — 22) 
t t 


(b) If the normals to the parabola y” = 4ax at the point t, , meets the parabola again at the 
’ 2 
pointt,,thent, = ic + 2 
1 
(c) If the normals to the parabola y* = 4ax at the points tyandt, intersect again on the 


parabola at the point ‘t,’ then tjt. =2;t3 =—(t, +t») and the line joining t, andt, 
passes through a fixed point (—2a,0). 
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12. 


13. 


14. 


15. 


General Note: 
(i) Length of subtangent at any point P(x, y) on the parabola y? =4ax equals twice the 
abscissa of the point P. Note that the subtangent is bisected at the vertex. 


(ii) Length of subnormal is constant for all points on the parabola and is equal to the semi 
latus rectum. 


(iii) If a family of straight lines can be represented by an equation A7P + AQ +R =0 where is 


a parameter and P,Q,R are linear functions of x and y then the family of lines will be 
tangent to the curve Q? =4PR 


The equation to the pair of tangents which can be drawn from any point (x,y) to the 
parabola y” = 4ax is given by : SS, =T ? where 

S=y* -4ax; S, =y? -4ax,; T =y yy, -2a(x+x,). 
DIRECTOR CIRCLE 
Locus of the point of intersection of the perpendicular tangents to the parabola yo = 4ax is 
called the Director Circle. It’s equation is x + a =0 which is parabola’s own directrix. 
CHORD OF CONTACT 
Equation to the chord of contact of tangents drawn from a point P(x,, y;)is yy; =2a(x+ x,). 
Remember that the area of the triangle formed by the tangents from the point (x;, y,) and the 
chord of contact is (y? —4ax,) 3/2 2a. Also note that the chord of contact exists only if the 
point P is not inside. 
POLAR AND POLE 
(i) Equation of the Polar of the point P(x,, y,) wrt. the parabola y? =4ax is. 


YY, =2a(x+ x1) 


(ii) The pole of the line lx + my +n =0 wrt. the parabola y? = 4ax is (¢ 7 — } 


Note: (i) The polar of the focus of the parabola is the directrix. 


(i) When the point (x, y,) lies without the parabola the equation of its polar is the same as the 
equation to the chord of contact of tangents drawn from (24, y,) when (x, y,)is on the parabola 
the polar is the same as the tangent at the point. 

(iii) If the polar of a point P passes through the point Q, then the polar of Q goes through P. 

(iv) Two straight lines are said to be conjugated to each other w.r.t. a parabola when the pole of one 
lies on the other. 

(v) Polar of a given point P w.r.t. any Conic is the locus of the harmonic conjugate of P w.r.t. the two 
points is which any line through P cuts the conic. 
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16. 


17. 


18. 


CHORD WITH A GIVEN MIDDLE POINT 
Equation of the chord of the parabola y? = 4ax whose middle point is 


(x1,¥,Jisy-yy a2 7 —x,).This reduced to T =S, 
Y1 


where T = y y; —2a(x +x,)andS, =y? —4ax,. 


DIAMETER 


The locus of the middle points of a system of parallel chords of a Parabola is called a Diameter. 
Equation to the diameter of a parabola is y =2a/m , where m = slope of parallel chords. 


Note: 
(@) The tangent at the extremity of a diameter of a parabola is parallel to the system of chords it 
bisects. 


(ii) The tangent at the ends of any chords of a parabola meet on the diameter which bisects the 
chord. 


(iii) A line segment from a point P on the parabola and parallel to the system of parallel chords is 
called the ordinate to the diameter bisecting the system of parallel chords and the chords are 
called its double ordinate. 


IMPORTANT HIGHLIGHTS 


(a) Ifthe tangent and normal at any point‘ P’ of the parabola intersect the axis at T and G then 
ST =SG = SP where‘ S’ is the focus. In other words the tangent and the normal at a point P 
on the parabola are the bisectors of the angle between the focal radius and the 
perpendicular from P on the directrix. From this we conclude that all rays emanating from 
S will become parallel to the axis of the parabola after reflection. 


(b) The portion of a tangent to a parabola cut off between the directrix and the curve 
subtends a right angle at the focus. 


(c) The tangents at the extremities of a focal chord intersect at right angles on the directrix, 
and hence a circle on any focal chord as diameter touches the directrix. Also a circle on 
any focal radii of a point P (at*,2at) as diameter touches the tangent at the vertex and 
intercepts a chord of length ay1+t? ona normal at the point P. 


(d) Any tangent to a parabola and the perpendicular on it from the focus meet on the tangent 
at the vertex. 


(e) Ifthe tangents at P and Q meet inT, then: 
(i) TP and TQ subtend equal angles at the focus S. 
(ii) ST? =SP.SQ and The triangles SPT and STQ are similar. 


(f) Tangents and Normals at the extremities of the latus rectum of a parabola y* = 4ax 


constitute a square, their points of intersection being (—a,0) and (3a,0). 
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(g) Semi latus rectum of the parabola y” = 4ax, is the harmonic mean between segments of 


any focal chord of the parabola is ; 2a = 2bs i.e., : + ee ; 
b+c boca 


(h) The circle circumscribing the triangle formed by any three tangents to a parabola passes 
through the focus. 

(i) The orthocentre of any triangle formed by three tangents to a parabola y” = 4ax lies on 
the directrix and has the co-ordinates —a,a(t, +t, +t3 +tytot3). 


(j) The area of the triangle formed by three points on a parabola is twice the area of the 
triangle formed by the tangents at these points. 
(k) If normal drawn to a parabola passes through a point P(h, k) then 


3 


k =mh—2am —am?i.e.,am? +m(2a—h) +k=0. 


. 2a-h k 
Then givesm, +m, +mg3 =0; M{My+Mygmz3 +M3m, =———}; M,MyM3z=-—. 
a a 


where m,,m,5,andmg are the slopes of the three concurrent normals. Note that the algebraic 
sum of the: 


¢ slopes of the three concurrent normals is zero. 

* ordinates of the three co-normal points on the parabola is zero. 

* Centroid of the A formed by three co-normal points lies on the x-axis. 

(1) Acircle circumscribing the triangle formed by three co-normal points passes through the 
vertex of the parabola and its equation is, Wee = y?) —2(h + 2a)x — ky =0, where (h, k) 
is the point of concurrence of three normals. 
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EXERCISE (1) 


Oniy One Choice is Correct: 


1 


. Parabolas (y — a) 2 = 4Aa(x —B) and (y -a) 2 =4a'(x —B’) will have a common normal (other 


than the normal passing through vertex of parabola) if : 


2(a-a') 2(a -—a’) 
(a) ———~< 1 (b) aaa’ 1 
“pap, B-p’ 

2(a'—a) 2(a’ — a) 
(c) ———~<1 (d) ———— > 1 
ar eT p+p’ 


. If the line x + y—1=0 is a tangent to a parabola with focus (1,2) at A and intersects the 


directrix at B and tangent at vertex at C respectively, then AC - BC is equal to : 


(a) 2 (b) 1 
1 1 


. If the segment intercepted by the parabola y* = 4ax with the line lx + my +n =0 subtends a 


right angle at vertex then : 
(a) al+n=0 (b) 4am +n=0 
(c) 4al+n=0 (d) 4am —n=0 


. If the normal to the parabola y” = 4ax at the point (at*,2at) cuts the parabola again at 


(aT 7 ,2aT), then complete set of values of T satisfies : 
(a) Mar >8 (b) T €(-2,—8) U(8,0) 
(C2 <T <2 (dq) 7? <8 


. If the line y — V3 x +3 =0 cuts the parabola y* =x +2 at A and B, and if P =(J3,0), then 


PA - PB is equal to: 


2(V¥3 +2 4V3 
(a) (3 +2) (b) 4V3 
3 2 
402 -v3 A(W3 +2 
(c) 42 - V3) (d) 4/3 +2) 
3 3 
. Px + 2y =1is normal to parabola y* = 4ax for : 
(a) no value of P (b) exactly one value of P 
(c) exactly two values of P (d) exactly three values of P 


. The vertex of a parabola is at (3,2) and its directrix is the line x — y + 1=0. Then the equation of 


its latus rectum is : 
(a) x-y=2 (b) x-y=3 
(c) x-y=1 (d) x+y=2 
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8. Locus of point of intersection of normals drawn at end points of focal chord of a parabola 
ye =4ax is: 
(a) y? =a(x-a) (b) y* =a(x 2a) 
(c) y? =a(x -3a) (d) yo =a(x — 4a) 


10. 


11. 


12. 


13. 


14. 


. Two mutually perpendicular tangents of the parabola y” = 4ax meet its axis in P, and P,. If S is 


the focus of the parabola then im - ane is equal to : 


1 2 
4 2 
(a) — (b) — 
a a 
1 1 
c) — d) — 
(c) ; (d) Aa 
ABCD and EFGC are squares and the curve y =k/x passes 


through the origin D and the points B and F. The ratio wa is: 


V5+1 V3 +1 
(a) 5 (b) 5 
(c) 4541 (d) V3 +1 

4 4 

The points of contact Q and R of tangent from the point P (2,3) on the parabola y” =4xare: 
(a) (9,6) and (1,2) (b) (1,2) and (4,4) 
(c) (4,4) and (9,6) (d) (9,6) and (1/4 ,1) 
A tangent is drawn to the parabola y* = 4x at the point‘ P’ whose abscissa lies in the interval 


[1,4]. The maximum possible area of the triangle formed by the tangent at‘ P’ , ordinate of the 
point ‘P’ and the x-axis is equal to : 

(a) 8 (b) 16 

(c) 24 (d) 32 

The set of points (x, y) whose distance from the line y =2x + 2 is the same as the distance from 
(2,0) is a parabola. This parabola is congruent to the parabola in standard form y = Kx? for 


some K which is equal to : 


5 V5 
4 12 
= a 
ae Oe 


If the normal to a parabola y” = 4ax at P meets the curve again in Q and if PQ and the normal at 


Q makes angles a and B respectively with the x-axis then tana (tana +tanB) has the value 
equal to : 
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15. 


16. 


17. 


18. 


19. 


20. 


21. 


(a) O (b) -2 


(c) -1/2 (d) -1 

Let A and B be two points on a parabola y* = x with vertex V such that VA is perpendicular to VB 
and 0 is the angle between the chord VA and the axis of the parabola. The value of : 7 is : 
(a) tand (b) tan? 0 

(c) cot? (d) cot?0 

A parabola y = ax” + bx +c crosses the x-axis at (a,0) (8,0) both to the right of the origin. A 


circle also passes through these two points. The length of a tangent from the origin to the circle 


1S: 
(a) fe (b) ac? 
a 
(2 (a) iE 
a a 


C is the centre of the circle with centre (0, 1) and radius unity. P is the parabola y = ax”. The set 


of values of ‘a’ for which they meet at a point other than the origin, is : 


(a) a>O (b) a¢(o,2 


m 1 1 
© (a) oG-) 


Through the vertex O of the parabola, y? =4ax two chords OP andOQ are drawn and the 
circles on OP and OQ as diameters intersect in R. If 6, ,0 and@ are the angles made with the 
axis by the tangents at P andQ on the parabola and by OR, then the value of, cot 8, + cot 04 is 
equal to: 


(a) —2tano (b) —2tan(n — 6) 

(c) O (d) 2coto 

Tangents are drawn from the points on the line x — y +3 =0 to parabola y? =8x. Then the 
variable chords of contact pass through a fixed point whose co-ordinates are : 

(a) (3,2) (b) (2,4) (c) (3,4) (d) (4,D 

The latus rectum of a parabola whose focal chord PSQ is such that SP =3 and SQ =2is given by: 
(a) 24/5 (b) 12/5 

(c) 6/5 (d) None of these 

The equation of the other normal to the parabola y* =4ax which passes through the 


intersection of those at (4a, — 4a) and (9a, - 6a) is : 
(a) 5x-y+115a=0 (b) 5x + y-135a =0 
(c) 5x-y-115a=0 (d) 5x+y+115=0 
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23. 


24. 


25. 


26. 


27. 


Advanced Problems in Coordinate Geometry for IIT-JEE 


. Acommon tangent is drawn to the circle x” + y* =c? and the parabola y” = 4ax. If the angle 


which this tangent makes with the axis of x is 1/4 then the relationship between a and c 
(a,c > 0) is: 


(a) a=V2c (b) c=aV2 

(c) a=2c (d) c=2a 

The locus of the foot of the perpendiculars drawn from the vertex on a variable tangent to the 
parabola y” = 4ax is : 

(a) x(x? + y?)+ay* =0 (b) y(x? + y”) + ax? =0 

(c) x(x? Sy?) +ay? =0 (d) None of these 

The triangle PQR of area‘ A’ is inscribed in the parabola y” = 4ax such that the vertex P lies at 


the vertex of the parabola and the base QR is a focal chord. The modulus of the difference of the 
ordinates of the points Q and R is: 


A A 
(a) —— (b) — 

2a a 

2A 4A 
) — (d) — 

a a 
The normal chord of a parabola y” = 4ax at the point whose ordinate is equal to the abscissa, 
then angle subtended by normal chord at the focus is : 
@ 7 (b) tan“! V2 
(c) tan?2 (d) ri 
Length of the intercept on the normal at the point P (at? ,2at) of the parabola y? = 4ax made 


by the circle described on the focal distance of the point P as diameter is : 


(a) ay2+t2 (b) ee 
(c) 2av1+t? (dea 2 


In a parabola y” = 4ax the angle 6 that the latus rectum subtends at the vertex of the parabola 
is: 
(a) dependent on the length of the latus rectum 


(b) independent of the latus rectum and lies between and x 


(c) independent of the latus rectum and lies between = and = 


(d) independent of the latus rectum and lies between and ; 
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28. 


29. 


30. 


31. 


32. 


33. 


The distance between a tangent to the parabola y* = 4 Ax(A > 0) and the parallel normal with 
gradient 1 is : 

(a) 4A (b) 2V2A 

(c) 2A (d) V2A 


Tangents are drawn from the point (—1,2) on the parabola y” = 4x. The length, these tangents 
will intercept on the line x =2 is: 


(a) 6 (b) 6V2 

(c) 2/6 (d) none of these 

The locus of the middle points of chords of the parabola y” = 4x, which are of constant length 
‘20 is : 

(a) (4x+ y*)(y* -4) =41? (b) (4y +x*)(x? — 4) = 41? 

(c) (4y —x7)(x? + 4) =41? (d) (4x - y7)(y2 +4) =41? 

In a square matrix A of order 3,a,;, =m; +i where i=1,2,3 and m,’s are the slopes (in 


increasing order of their absolute value) of the 3 normals concurrent at the point (9,— 6) to the 
parabola y” = 4x. Rest all other entries of the matrix are one. The value of det. (A) is equal to : 


(a) 37 (b) -6 

(c) -4 (d) -9 

A circle C passes though the points of intersection of the parabola y + 1=(x — 4)” and the 
x-axis. The length of tangent from origin to C is : 

(a) 8 (b) 15 

(c) V8 (d) V15 

For the parabola y* + 4x —4y = 4, the straight line x — y + 3 =Ois: 

(a) focal chord (b) normal chord 


(c) both focal chord and normal chord (d) none of these 
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1.) (a) 2.| (a) 3.) (c) 4.) (a) 5.| (d) 6.| (b) 7.| (b) 8.) (c)| 9.) (c) | 10.) (a) 
11.) (b)| 12.) (b)| 13.) (a) | 14.) (b)} 15.) (d)| 16.) (d)| 17.) (d)| 18.| (a) | 19.| (c) | 20.) (a) 
21.|(b)) 22.) (a)| 23.) (a)) 24.|(c) | 25.)(d)| 26.)(d)| 27.|(d)| 28.) (b) |} 29.) (b) | 30.) (d) 


31.| (c)| 32.) (d)| 33.) (b) 
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EXERCISE (2) 


One or More than One is/are Correct 


1. 


If two distinct chords of a parabola y” = 4ax passing through the point (a, 2a) are bisected by 
line x + y =1, then the length of the latus rectum can not be : 

(a) 2 (b) 4 

oes (d) 7 


. Aisa point on the parabola y? = 4ax. The normal at A cuts the parabola again at point B. If AB 


subtends a right angle at the vertex of the parabola, then the slope of AB is : 
(a) 2 (b) V2 
(cy 2 (d) None of these 


. Three normals are drawn from the point (c,0) to the curve y” = x. One normal is x-axis and the 
other two normals are perpendicular, then : 
1 i 
a) c>= b) O<c<= 
(a) 5 (b) dl 
3 1 
(c) 4 (d) ; 


. Suppose that a normal drawn at a point P (at ,2at) to parabola y” = 4ax meets it again at Q. If 


the length of PQ is minimum, then : 


(a) t=+/2 (b) t=+3 
(c) PQ =6 v3 (d) Q is (8a,+4 2 a) 
. P is a point on the parabola y* = 4x and Q is a point on the line 2x + y + 4 =O. If the line 
x — y +1=0 is the perpendicular bisector of PQ, then the co-ordinates of P can be : 
(a) (1,-2) (b) (4,4) 
@m9,—6) (d) (16,8) 
. If the tangents to the parabola y* = 4ax at (x,,y,) and (x ,y) meet at (x3, y3), then: 
(a) x1,X3,X_ are in A.P (b) x1,X3,X, are in G.P 
(c) ¥1,¥3,¥2 are in G.P (d) y¥1,¥3,¥2 areinAP 
. A variable chord PQ of the parabola y” =4ax is drawn parallel to the line y =x. If the 


parameter of the points P and Q on the parabola bet, and t, respectively, then : 
(a) ty a to =F 
2. 
(b) tylo =—_ 
a 
(c) locus of point of intersection of tangents at P and Q is y=2a 
(d) locus of point of intersection of normals at P andQ is2x-y=12a 
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10. 


11. 


12. 


13. 


14. 
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. If P}P> and Q,Q >, two focal chords of a parabola are at right angles, then : 


(a) area of the quadrilateral P}Q, P,Q. is minimum when the chords are inclined at an angle 


a to the axis of the parabola 


(b) minimum area is twice the area of the square on the latus rectum of the parabola 
(c) minimum area of P}Q,P.Q> cannot be found 
(d) minimum area is thrice the area of the square on the latus rectum of the parabola 


. Let there be two parabolas with the same axis, focus of each being exterior to the other and the 


latus recta being 4a and 4b. The locus of the middle points of the intercepts between the 
parabolas made on the lines parallel to the common axis is a : 


(a) straight line ifa=b (b) parabola ifa#b 

(c) parabola Va,beR (d) none of these 

Let y* =4ax be a parabola and x* — y” =a” be a hyperbola. Then number of common 
tangents is : 

(a) 2fora<0O (b) 1 fora<0O 

(c) 2fora>0 (d) 1fora>0 

The chord AB of the parabola y* = 4ax cuts the axis of the parabola at C.If A =(at?,2at,) and 
B =(at%,2at.) and AC: AB =1:3, then: 

(a) ty =2t, (b) t2 + 2t, =0 

(c) t} R2t. =0 (d) 6t? =t.(t, + 2t.) 


A line L passing through the focus of the parabola y” = 4(x — 1) intersects the parabola in two 
distinct points. If‘m’ be the slope of the line L, then : 

(a) m €(-«,0) (b) m €[0,00) 

(c) m €(0,0) (d) none of these 

Consider a circle with its centre lying on the focus of the parabola y* =2px such that it touches 
the directrix of the parabola. Then a point of intersection of the circle and the parabola is : 


Pp “fl 
—P —P —P 
(c) (= 2) (d) (= = 


Variable circle is described to pass through point (1,0) and tangent to the curve 
y =tan(tan! x). The locus of the centre of the circle is a parabola whose : 

(a) length of the latus rectum is 2 Aa 

(b) axis of symmetry has the equation x + y=1 

(c) vertex has the co-ordinates (3/4 , 1/4) 

(d) none of these 
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15. 


16. 


17. 


18. 


19. 


20. 


21. 


The range of a for which the points (a ,2 + a) and (F... | lie on opposite sides of the line 


2x +3y =6 can lie in intervals : 


(a) (-«,-2) (b) (-2,0) 

(c) (0,D (d) (2,4) 
If the point [sin 0, +) lies exterior to both the parabolas y? =|x|, then 6 can belong to : 

2 
1 Tt 
a Op b —— 0 
c@) (0,2) w) (-Zo) 
Sn 71% T™ St 

c¢) | —,— d) | —,— 

© (24) @ (2.2) 
Equation of a common tangent to the circle, x” + y* =50 and the parabola, y* = 40x canbe: 
(a) x+y-10=0 (b) x-y+10=0 

(c) x+y+10=0 (d) x-y-10=0 
Let y” = 4ax be a parabola and x? + y* +2 bx =Obe acircle. If parabola and circle touch each 
other externally then : 
(a) a>0O, b>0 (b) a>O, b<O 
(c) a<0, b>0 (d) a<0, b<O 


If from the vertex of a parabola y” = 4ax a pair of chords be drawn at right angles to one 


another and with these chords as adjacent sides a rectangle be made, then the locus of the 
further angle of the rectangle is : 


(a) an equal parabola (b) a parabola with focus at (8a,0) 
(c) a parabola with directrix as x —-7a =0 (d) not a parabola 
Through a point P(—2,0), tangents PQ and PR are drawn to the parabola y? =8x. Two circles 


each passing through the focus of the parabola and one touching parabola at Q and other at R 
are drawn. Which of the following point(s) with respect to the triangle PQR lie(s) on the 
common chord of the two circles ? 


(a) centroid (b) orthocentre 
(c) incentre (d) circumcentre 
If two distinct chords of parabola y” = 4ax(a> 0) passing through (a, 2a) are bisected by the 


line x + y =]; then the length of the latus rectum can be: 
(a) 1 (b) 4 (c) 3 (d) 2 
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— - 
= ANSWERS, 

1.) (b,c, d) 2 (b, c) 3. (a, c) 4.| (a,c, d) 5, (a, c) 6.| (b, d) 

7.| (a,c, d) 8. (a, b) 9. (a, b) 10. (a, c) 11.| (b,d) 12. (a, c) 


13. (a, b) 14. (b, c) 15. (a, c) 16.| (a, b,c) 17. (b, c) 18.| (a,d) 


19. (a, c) 20.) (a,b, c,d) | 21.) (a,c, d) 
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EXERCISE (3) 


Comprehension: a) 


Let from a point A(h, k),3 distinct normals can be drawn to parabola y” = 4ax 
and the feet of these normals on parabola be points P(at? ,2at,), Q(at3 ,2at,) 
and R(at? ,2at;) 


1. The controid of APAQ has co-ordinates : 


(a) [Fc-203,0) (b) [Fch-30,0) 
3 3 
() [Feh 0,0) (d) eG -0),0) 
3 3 
2. If tangents at P and Q to parabola y? = 4ax meet on line x =—a, then t, ,t, are the roots of the 
equation : 
(a) x? —t3x eo (b) x? Bite et 
(c) x? —t3x-1=0 (d) x? 4+t3x-1=0 
3. Let the point A varies such that the points P and Q are the ends of a focal chord then locus of 
point A is: 
(a) y* =a(x -2a) (b) y* =a(x-a) 
(c) y* =a(x-3a) (d) y? =3a(x-a) 
Comprehension: (2) 


A tangent is drawn at any point P on the parabola y” = 8x and on it is taken a 
point Q(a,8) from which pair of tangents QA and QB are drawn to circle 


x7 +y” =4, 

1. The locus of point of concurrency of the chord of contact AB of the circle x7 + y? =4is: 
tammy? —2x=0 (b) y*-x? =4 
(c) y?2+2x=0 (d) y?-2x7? =4 


2. The points from which perpendicular tangents can be drawn both to the given circle and the 
parabola is : 


(a) (4,443) (b) (-1,4/2) 
(cya V2) (d) (-2,+2) 
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3. The locus of circumcentre of AAQB if P =(8,8) is : 


(a) x-2y+4=0 (b) x+2y—4=0 
(c) x-2y-4=0 (d) x+2y+4=0 
Comprehension: (3) 


Let the two parabolas y” = 4ax and x” = 4ay,a> 0 intersect at O and A(O 


being origin). Parabola P whose directrix is the common tangent to the two 
parabolas and whose focus is the point which divides OA internally in the 


ratio (1+ /3):(7- V3) 


1. The equation of the common tangent to y* = 4ax and x? = 4ay is : 
(a) x+y+a=0 (b) x+y-a=0 
(c) x-y+a=0 (d) x-y-a=0 

2. The equation of the Parabola P is : 
fa) (x-y)? =@+3)a(x+ y -(1 + V3)a) 

WD (x - y)? 4@ + V3) a(2x +2y -22+3)a) 
(c) (xy)? =(2 + V3) a(2x +2y -(1+ V3) a) 
(d) Way vy)? =(2 - V3) a(x + y -(1+ V3)a) 


3. Extremities of latus rectum of P are: 


(aj is S225ie) [o+zvne q (b) a oe) [o-y q 


’ > 


py 2 2 2 2 2 2 2 
(c) a (3 —Yaha (3 -3)a a (d) a (3 + 28/3a (34+24/3)a a 
DR’ 2 4 2 °2 2. 2 ‘ 2 2 


Comprehension: | (4) | 


y = f(x) is a parabola of the form f(x) = x? + bx +1, b is a constant. The 
tangent line is drawn at the point where f(x) cuts y-axis, also touches 
x? +y? =r7(r> 0). It is also given that at least one tangent can be drawn 


from point P to y = f(x) where P is a point at which y =|x-a| is non 
differentiable Va < R. 


1. For maximum value of b, the area of circle is : 
T 
a) — b 
(a) (b) 


(c) a (d) 5z 
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2. lim vimax. 77 


b>0 ~~ sinb 
1 1 
(a) — i”) —— 
V2 V2 
(c) ; (d) Not exist 
3. Locus of vertex of parabola is : 
(a) y=1-x*, xe[-L1],y€[-10] (b) y=1-x*,xe[-2,2],y€[0,1] 
(c) y=T=x",xe[-2,2],y €[-3,1] (d) y=1-x?,xe[-11,ye(0,1] 
Comprehension: 6) 


4x? +2y” —-6xy 
6x2 +J2y -8xy 


The limiting value of expression is A as point (x, y) on curve 


x? +y” =1approaches the position where A is such that (5A,0) isa 


e + 
J2° J2 
point as focus of parabola S having axis parallel to x-axis, vertex at origin. 


1. The two common tangents can be drawn to both circle and parabola from external point whose 
co-ordinates are : 


-4 4 
. ny ay 
a Lz, my eo 


-4 4 
© (ae) © (eT) 
2. Locus of midpoints of chords of parabola, which subtend a right angle at vertex of parabola is: 
(a) y* -4x+32=0 (b) y? +4x-32=0 
(c) y2-32x+4=0 (d) y? +32x-4=0 


3. Position of point (2 5A) with respect to circle is : 


(a) inside (b) on circle 
(c) outside (d) none of these 
Comprehension: (6) 


Let a tangent to parabola y” = 4ax at point P(at” ,2at), t + 0 intersects its 
directrix at point Q. Let ‘S’ represents the focus of parabola y” = 4ax and C 
represents the circle circumscribing the triangle PQS. 
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1. The angle between the parabola y” = 4ax and the circle C at point P is : 


(a) (b) 


wla ala 


(c) (d) 


Nila Ala 


2. If normal to parabola y* =4ax at point P intersects the line joining Q and S at R, then 


(PS) (QR) 


is equal to : 
(PQ) (PR) 
(a) 4 (b) 3 
(c) 2 (d) 1 


3. Area of circle C is: 


na7(1+t7)? na7(1+t7)? 


(a) (b) 
‘ Bt? Art 
2 253 2 23 
(c) Ta eae ) (d) Ta C= ) 
4t se 
Comprehension: i) 


Consider one side AB of a square ABCD, (read in order) on the line y = 2x - 17, 
and the other two vertices C,D on the parabola y = x”. 


1. Minimum intercept of the line CD on y-axis, is : 


(a) 3 (b) 4 
(c) 2 (d) 6 
2. Maximum possible area of the square ABCD can be : 
(a) 980 (b) 1160 
(c) 1280 (d) 1520 
3. The area enclosed by the line CD with minimum y-intercept and the parabola y = x? is : 
15 14 
es b) 
(a) - (b) - 
22 32 
c) — d) — 
(c) . (d) , 
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(5 omprehension: (8) 


The function f satisfies f (x) + f(2x +y)+5xy = f(3x-—y) + 2x? +1 for all real 
numbers x, y. Let a chord to parabola x” = 4y, normals to parabola at ends of 


which satisfy the relation, m,m, =-2 where m,,m, represent slope of 
normals, passes through a fixed point ‘P’ on axis of parabola. Let y = g(x) 
represent line passing through point P. 


1. The value of f(10) is equal to: 


(a) -61 (b) -49 (c) -21 (d) -10 
2. The minimum area bounded by y = g(x) & y= f(x) is: 
1 1 2 5 
(a) 3 (b) 2 (c) 3 (d) 6 


3. The tangent to y = f(x) at x =0 has slope equal to: 
(a) -1 (b) 0 (c) 1 (d) 2 

4. Let y = g(x) intersects y = f(x) at two distinct points A,B, then the slope of g(x) if length of 
segment AB is 4 units is : 


(a) +1 (b) +2 (c) +3 (d) +4 


Comprehension: 2) 


Let ABCD be a square of side length 2 units. C, is the circle through vertices 
A, B, C, Dand C, is the circle touching all the sides of the square ABCD. Lisa 
line through A. 


PA? + Beer PC? + Pp? 


1. IfP isa point onC, andQ in another point onC,, then is equal to: 
QA*4 QB* + Q@+ QD? 
(a) 0.75 (b) 1.25 
fom 1 (d) 0.5 


2. A circle touches the line L and the circle C, externally such that both the circles are on the same 
side of the line, then the locus of centre of the circle is: 


(a) ellipse (b) hyperbola 
(c) parabola (d) parts of straight line 

3. Aline M through A is drawn parallel to BD. Point S moves such that its distances from the line 
BD and the vertex A are equal. If locus of S cuts M at T, and T3 and AC at T,, then area of 
AT, ToT is: 
(a) 1/2 sq. units (b) 2/3 sq. units 
(c) 1 sq. units (d) 2 sq. units 
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Comprehension: 


Let curve S, be the locus of a point P(h, k) which moves in xy plane such that 
it always satisfy the relation min {x? +(h-k)x+(1-h-—k)} = max 
{-x? +(h+k)x-(1+h+k)}. Let S, is a curved mirror passing through (8, 6) 


having the property that all light says emerging from origin, after getting 
reflected from the mirror becomes parallel to x-axis. Also the area of region 


bounded between y-axis and S, is 8/3. 


1. The area of smaller region bounded between S, and Sz is equal to: 


8 
(a) 2x (b) aa 


8 
(c) 1 


8 
(d) 2m "3 


2. If the circle (x — 4)* + y* =r? internally touches the curve S, , then r= 


(a) 5 (b) 4 


(c) 3 


(d) 2 


id : 2x x ; F 
3. The ratio in which the curve y = sin? r + COs 4 , where [.] denote greatest integer function 


divides the curve S, is: 
(a) 4x + 33:82 -3V3 
(c) 1:1 


(b) 4x -3V3 82 +33 
(d) 4n —V3:824+ V3 


Comprehension-1: i, @) 2. (d) 3 © 
Comprehension-2: 1. (©) 2, (a) 3. (a) 
Comprehension-3: il, @ 2. (oc) 3. (d) 
Comprehension-4: 1. (bd) 2. (d) 3. (d) 
Comprehension-5: 1. () 2. (a) 3. (c) 
Comprehension-6: il, @ 2. (d) 3, © 
Comprehension-7: i, @) 2. (c) 3, @ 
Comprehension-8: 1. (bd) 2, (©) 3 (@) (a) 
Comprehension-9: i. @) 2. (@) 3, © 
Comprehension-10: 1. (d) 2. (b) 3. (b) 
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EXERCISE (4) 


Match the Columns: 
1. The locus of the middle point of the chords of parabola y? = 4x which 


Column-! 


Column.-ll 


(a) 


(b) 


(c) 
(d) 


are normal to parabola is 


T 
subtend a constant angle A at the 
vertex is 


are of given length 2 


are such that normals at their 
extremities meet on same parabola. 


(p) 


(q) 


(r) 
(s) 


y*+4(1-xy? +4(1- 4x) =0 


se = Dei +8=0 


ye =2(x +2) 


y* —4xy? + 4x? +32y? -96x +64 =0 


2. Normals of parabola y* = 4x at P and Q meets at R(x»,0) and tangent at P and Q meets at 


T(x,,0) 
Column-l Column-ll 
(a) | If x. =3, then area of quadrilateral PTQR is (p) | 3/2 
(b) | If length of tangent PT is 4/5, then x5 = (q) | 6 
(c) | The possible values of x5 so that 3 distinct normals can| (r) | 8 
be drawn to the parabola from point R is/are. 
(d) | If x» =4 and area of circle circumscribing APQR is kn, (s) | 9 


then k is equal to 
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3. If y =x + lis axis of parabola, y + x = 4is tangent of same parabola at its vertex and y =2x +3 
is one of its tangent, then 


Column-! Column.-ll 


(a) | If equation of directrix of parabola is ax + by -29 =0,) (p) | 9 
thena+b= 


(b) (q) | 18 


If length of latus rectum of parabola is ae where aand b 
are relatively prime natural numbers, then a + b= 


(c) | Let extremities of latus rectum are (a, ,b,) and (ay,b>),| (r) | 23 
then [a, ae by SF ag SF bo] = 
(where [-] denote greatest integer function) 


(d) | If equation of parabola is a(x- y+ 1)? =W(x + y -4)) (s) | 37 
where a and bare relatively prime natural numbers then 
a+b= 


Column-! Column.-ll 


(a) | The point (8,8) is one extremity of focal chord of) (p) | 1 
parabola y* =8x. The length of this focal chord is 


(b) | The equation (26x — 1)? + (26y -3)? =k (q) | 4/3 
(5x -12y + 1)? will represent a parabola if k is 


(c) | The length of common chord of curves y* =4(x +1) (t) | 4 
and 4x* +9y? =36 is 


(d) | A focal chord of parabola y? = 4ax is of length 4a.The| (s) | 25/2 


angle subtended by it at the vertex of the parabola is 0 
then |tan 6| is equal to 
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5. 
Column-| Column-ll 
2 = 
(a) | The equation of tangent of the ellipse = +y7=1 (p) | -v3 
which cuts off equal lengths of intercepts on 
coordinate axis is y =+x + a,thenacan be equal to 
(b) | The normal y =mx -—2am —am? to the parabola| (q) | —-V2 
y* =4ax subtends a right angle at the vertex then 
m can be equal to 
(c) | The equation of the common tangent to parabola) (1) AE 
y? =4x and x? =4y is eye then k is 
V3 
equal to 
(d)| An equation of common tangent to parabola) (s) Ae 
y*=8x and the hyperbola 3x*-y?=3 is 
2x + hy + 1=0, then k can be equal to 
V2 
6. 
Column-| Column-Il 
(a) | The normal chord at a point (t”,2t) on the parabola| (p) | 4 
y? = 4x subtends a right angle at the vertex, thent? is 
(b) | The area of the triangle inscribed in the curve y? = 4x,| (q) | 2 
whose vertices are (1,2),(4,4),(16,8) is 
(c) | The number of distinct normal possible from (2 ; 3 (r) | 3 
to the parabola y* = 4x is 
(d) | The normal at (a,2a) on y* =4ax meets the curve] (s) | 6 
again at (at”,2at), then the value of |t — 1| is 
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7. Normals are drawn from point (4,1) to the parabola y* =4x. The tangents at the feet of 


normals to the parabola y” = 4x form a triangle ABC. 


Column-I Column-ll 


(a) |The distance of focus of parabola y? =4x from) (p) | 5 
centroid of AABC is 3 
(b) | The distance of focus of parabola y* =4x from) (q) | /10 
orthocentre of AABC is 2 
(c) |The distance of focus of parabola y? =4x from) () v7 
circumcentre of AABC is 2 
(d) | Area of AABC is (s) v5 
2 
(t) | V5 
FANS WERS) 
Zz... 
1. aoq;bos;c>p;d>r 2. arr; bq; c—->4q,r,s;d>s 
3. a>qg; b>r;c>p; dos 4. a>s;bor,cord>q 
5. a->p,s; b>q,r; c>s; d>q,r 6. a>q;b>s;c>q;d>p 
7. arp; b>t;c>7q;d>s 
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EXERCISE (5) 


Subjective Problems 


1. 


If (x1,¥1),(X,¥) and (x3,y3) be three points on parabola y* = 4ax and the normals at 
Seg OAT Oe 
J3 J1 By 2 


: . : xy P 
these points meet in a point, then is equal to 


. A parabola of latus rectum 1, touches a fixed equal parabola, the axes of two curves being parallel. The 


locus of the vertex of moving curve is a parabola of latus rectum kl, then k is equal to. 


. If the normals at the points where the straight line lx + my =1 meet the parabola y* = 4ax, 


am* kam 
i? 


meet on the normal at the point t of parabola y? = 4ax, then k is equal to 


. Let PG is the normal at point P to a parabola cuts its axis in G and is produced to Q so that 


GQ =1/2 PG. The other normals which pass through Q intersect at an angle of x/k, then k = 


. The locus of the point of intersection of two tangents to the parabola y* =4ax which with the 


tangent at the vertex form a triangle of constant areac?, is the curve x?(y? — 4ax) =Ac*,thend = 


. Find the ratio of area of triangle formed by three points on a parabola to the area of triangle 


formed by tangents at these points. 


.‘O” is the vertex of parabola y* =4x and L is the upper end of latus rectum. If LH is drawn 


perpendicular to OL meeting x-axis in H , then length of double ordinate through H is VN ,then N = 


. The radius of circle which passes through the focus of parabola x” = 4y and touches it at point 


(6,9) is kV10, then k = 


. From the point (—1,2) tangent lines are drawn to the parabola y” = 4x. If area of triangle 


formed by the chord of contact and the tangents is N /2, then N = 


10. Let K(c,0) be the point which has the property that if any chord PQ of the parabola y” = 4x be 
drawn through it, then ——— + 2 is the same for all positions of the chord, then c = 
(PK)? (QK)* 
11. Tangent are drawn at those point on the parabola y* = 16x whose ordinate are in the ratio 4: 
1. If the locus of point of intersection of these tangents is y? = kx, then [k/3] is: 
([.] denote greatest integer function) 
12. If the focus of parabola y?+8=4x coincides with one of the foci of ellipse 
3x? + by? —12x =0, then the reciprocal of eccentricity of ellipse is: 
13. In the above problem, b = 
PANS WERS| 
1 
1.) 0 2.,2/) 3.) 4 | 4.) 2) 5.) 4 6.| 2 7-|80/ 8.| 5 | 9.| 8 | 10.) 2 
11.) 8 12.| 2 | 13.) 4 
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EXERCISE (6) 
. Find the equations of the common tangents of the circle x* + y* —6y + 4 =0 and the parabola 
y? =x. [REE 1999] 
. (A) If the line x — 1=0 is the directrix of the parabola y” — kx + 8 =0 then one of the values of 
‘k’ is: 
(a) 1/8 (b) 8 (c) aa (d) 1/4 
(B) Ifx + y =kis normal to Are =12x,then‘k’ is: [IIT-JEE (Screening) 2000] 
(a) 3 (b) 9 (c) -9 (d) -3 
. Find the locus of the points of intersection of tangents drawn at the ends of all normal chords of 
the parabola a? =8(x-1). [REE 2001] 
. (A) The equation of the common tangent touching the circle (x -3)? + y? =9 and the 
parabola y 2 = 4x above the x-axis is: [IIT-JEE (Screening) 2001] 
(a) V3y =3x+1 (b) V3y ={x+3) 
(c) V3y =x +3 (d) V3y ={(3x+D 


(B) The equation of the directrix of the parabola, y? + 4y + 4x +2 =Ois: 
[IIT-JEE (Screening) 2001] 


(a) x=-1 (b) x=1 (c) x=-3/2 (d) x=3/2 
. The locus of the mid-point of the line segment joining the focus to a moving point on the 
parabola y” = 4ax is another parabola with directrix: [IIT-JEE (Screening) 2002] 
(a) x=-a (b) x=-a/2 (c) x=0 (d) x=a/2 


. The equation of the common tangent to the curves y” =8x and xy =-lis: 


[IIT-JEE (Screening) 2002] 
(a) 3y=9x+2 (b) y=2x4+1 (c) 2y=x+8 (d) y=x+2 


. (A) The slope of the focal chords of the parabola y* =16x which are tangents to the circle 


ix =6)? + ay" = 2 are: [IIT-JEE (Screening) 2003] 
(a) +2 (b) -1/2, 2 (c) +1 (d) -2,1/2 

(B) Normals are drawn from the point ‘P’ with slopes m,,m.,mz to the parabola y” = 4x. If 
locus of P withm,m, =a. isa part of the parabola itself then finda. [IIT-JEE 2003] 


. The angle between the tangents drawn from the points (1, 4) to the parabola y? = 4x is: 


[IIT-JEE (Screening) 2004] 
(a) 1/2 (b) 2/3 (c) 1/4 (d) 2/6 


. Let P be a point on the parabola y* —2y — 4x +5=0,such that the tangent on the parabola at P 


intersects the directrix at point Q.Let R be the point that divides the line segment PQ externally 
in the ratio : : 1.Find the locus of R. [ITT-JEE 2004] 
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10. (A) The axis of parabola is along the line y = x and the distance of vertex from origin is /2 and 


that of origin from its focus is 22. If vertex and focus both lie in the 1 * quadrant, then the 


11. Statement-1: The curve y = 7 + x + Lis symmetric with respect to the line x =1. 


12. 


equation of the parabola is: [IIT-JEE 2006] 
(a) (x+y)? =(x-y-2) (b) (x-y)* =(x+ y-2) 
(c) (x-y)? =4(x+ y-2) (d) (x-y)* =8(x+y-2) 

(B) The equations of common tangents to the parabola y =x? and y =-(x — 2)? is/are: 

[1IT-JEE 2006] 

(a) y=4(x-D (b) y=0 (c) y=-4(x-D (d) y=-30x -50 

(C) Normals are drawn at points P,Q and R lying on the parabola y* = 4x which intersect at 
(3, 0).Then: [IIT-JEE 2006] 
Columns Column 
(i) |Area of APQR (a)| 2 
(ii) |Radius of circumcircle of APQR (b) | 5/2 
(iii) |Centroid of APQR (c) | (5/2, 0) 
(iv) |Circumcentre of APQR (d)| (2/3, 0) 


2 


because 


Statement-2: A parabola is symmetric about its axis. [IIT-JEE 2007] 
(a) Statement-1 is true, statement-2 is true; statement-2 is a correct explanation for 


statement-1. 


(b) Statement-1 is true, statement-2 is true; statement-2 is NOT a correct explanation for 


statement-1. 
(c) Statement-1 is true, statement-2 is false. 
(d) Statement-1 is false, statement-2 is true. 
Comprehension 


Consider the circle x? + y? =9 and the parabola y” = 8x. They intersect at P 


and Q in the first and the fourth quadrants, respectively. Tangents to the 
circle at P and Q intersect the x-axis at R and tangents to the parabola at P and 


Q intersect the x-axis at S. [IIT-JEE 2007] 
(A) The ratio of the areas of the triangles PQS and PQR is: 
fay Teo (b) 1:2 (c) 1:4 (d) 1:8 
(B) The radius of the circumcircle of the triangle PRS is: 
(a) 5 (b) 3V3 (c) 32 (d) 2V3 


(C) The radius of the incircle of the triangle PQR is: 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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(a) 4 (b) 3 (c) 8/3 (d) 2 
Let P(x,, y;) and Q(x2, ¥2), ¥1 <0, Y2 <0, be the end points of the latus rectum of the ellipse 
x“ +4y~ =4.The equations of parabolas with latus rectum PQ are: IIT-JEE 2008 
2 4 Ay* he eq f parabol hl [ ] 
(a) x? +23 y=3 +3 (b) x? -ABy=34+V3 
(c) x? +2V3y =3- V3 (d) x? C23 y 3-13 


The tangent PT and the normal PN to the parabola y? = 4ax at a point P on it meet its axis at 
points T and N, respectively. The locus of the centroid of the triangle PTN is a parabola whose: 
[1IT-JEE 2009] 


(a) vertex is & : o| (b) directrix is x =0 (c) latus rectum is =@ focus is (a, 0) 


Let A and B be two distinct points on the parabola y* = 4x. If the axis of the parabola touches a 

circle of radius r having AB as its diameter, then the slope of the line joining A and B can be: 
[IIT-JEE 2010] 

(a) -+ (b) + (© 2 = 

r r r r 

Let (x, y) be any point on the parabola y” = 4x. Let P be the point that divides the line segment 

from (0,0) to(x, y) in the ratio 1: 3. Then the locus of P is: [IIT-JEE 2011] 

(aN? = y (b) y? =2x (c) ymee x (d) ey 

Let L be anormal to the parabola y” = 4x. If L passes through the point (9, 6), then L is given by: 
[IIT-JEE 2011] 

(a) y-x+3=0 (b) y+3x-33 =0 (c) y+x-15=0 (d) y-2x+12=0 

Consider the parabola y” =8x. Let A, be the area of the triangle formed by the end points of its 


latus rectum and the point P E : 2| on the parabola, and A » be the area of the triangle formed 


A 
by drawing tangents at P and at the end points of the latus rectum. Then NN is: [IIT-JEE 2011] 
D 


Let S be the focus of the parabola y* =8x and let PQ be the common chord of the circle 
x? + y* —2x -4y =Oand the given parabola. The area of the triangle PQS is: [IIT-JEE 2012] 
Given : A circle, 2x 249 y 2 _Sanda parabola, We =4,/5x. [IIT-JEE (Mains) 2013] 
Statement-1: An equation of a common tangent to these curves is y =x + V5. 

because 


3 5 ; : ar 
Statement-2: If the line, y=mx + 98 Gn #0) is their common tangent, then m satisfies 
m 


m* —3m2 +2 =0. 
(a) Statement-1 is true, statement-2 is true; statement-2 is a correct explanation for 
statement-1. 
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(b) Statement-1 is true, statement-2 is true; statement-2 is NOT a correct explanation for 
statement-1. 


(c) Statement-1 is true, statement-2 is false. 
(d) Statement-1 is false, statement-2 is true. 
21. Comprehension 


Let PQ be a focal chord of the parabola y” = 4ax. The tangents to the parabola 
at P and Q meet at a point lying on the line y =2x+a,a>0. 
[IIT-JEE (Advance) 2013] 


(A) If chord PQ subtends an angle 6 at the vertex of y* = 4ax, then tan0 = 


2 —2 2 —2 
(a) a (b) rad (c) 3709 (d) 35 
(B) Length of chord PQ is: 
(a) 7a (b) 5a (c) 2a (d) 3a 


22. Aline L: y =mx +3 meets y-axis at E(0, 3) and the arc of the parabola y” =16x,0< y<6atthe 


point F(x 9, Yo). The tangent to the parabola at F(x, yg) intersects the y-axis at G(O, y,). The 
slope m of the line L is chosen such that the area of the triangle EFG has a local maximum. 


Match Column-I with Column-II and select the correct answer using the code given below the 


columns : [IIT-JEE (Advance) 2013] 
Column-! Column-ll 
(a) |m= (p) | 1/2 
(b) | Maximum area of AEFG is (q) | 4 
(c) Wa = (r) | 2 
(d) | y, = (s) | 1 
__ CS 
ESENESEWRERRESY 
1. x-2y+1=0;y=mx+ : weinge 2430. 2. (A) c; (B)b 
4m 10 
2. (x+3)y7+32=0 4 (A)c;(B)d 5. c 6. d 
(A) c; (B) a =2 8. b 9. Cy =1)7(x=-2) =(8x - 4)? 
10. (A) d;(B)a, b; (C) (i) a, (ii) b, Gii) d, (iv)c 11. a 12. (A)c; (B)b;(C)d 
13. b,c 14. a,d 15. od 16. ¢ 
17. a,b,d 18. 2 19. 4 20. b 


21. (A) d; (B)b 22. a>s;b>p;c74q;d>r 
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SSE = SOLUTIONS (1) 


Oniy One Choice is Correct: We toweiare 


1. (a) Eqn. of AB is x ( L+2s1 ‘ 
y-a=-t(x-B)+2at+at? 1) AC) =(CS) -( 2p i 
or y-a B(x 8) +2a't'4a't? (2) 3. (c) OA LOB 


(B'+a't?,a+2a't) | 


(1) and (2) are identical 


=> t=t'and2at+at?+ft+a 


=2a't+a't? + tB' +a 


2 F 
> _(B’-B) + 2(a’-a) Put (at“,2at) in eqn. of AB 
=> ¢t ; ...(3) ty 
(a-a’) => lat? +2mat+n=0~ 
fd _o!l t 
= B Bio 2(a —a’) n 2 


ty to =—-4=— 
la 


=>. 
a-a' (B’ —B) 


=> n+4la=0 


4. (a)  - 


A y2=4ax | 
at?,2at) 


|T|>2V/2 (applying A.M. >G.M.) 
To 28 


Parabola 
5. (d) PA =T", PB ==T5 
Put is + rcos0, rsin®@) to y? =x+2 


> r° sin? 0 —rcos@ —(V3 +2) ager 


(PA) (PB) = —1, ry = v3 +2 
sin? 6 
=(/3 +2)(1+ cot? 6) 


-(8+2)(143] [- tan6 = V3] 


(PA) (PB) -=@ +3) 


6. (b) Equation of normal to y? = 4ax 
y =x + 2at +at? 


(0,1/2) 


2at + at? ach 
2) 


f(t) =2at? + 4at-1 
f(t) =6at? + 4a =2a(3t? +2) 40 


=> f(t) can have only one real root. 


185 
7. (b) tan6 =-1 


focus, 5 =| 3 A +z) 2 (5) 


S§ =(4,) 


Eqn. of LR=x-y=4-1=3 


x= y=3 
=> k=a(t +t) 


h=a(t? +t3 +0 


(a(titia tte +2) 
—at,t,(t,+t,))=(h,k) 


9. (c) 
1 1 1 1 
+ = 


a + Che eee? a 
at+a|—- 
ty 
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12. (b) Area of APTQ -I5¥ (2t7) (2t) | 


A =2|t>| 


poet hale « [-2,- 12) 


A max =16 for t =+2 
k? k? 2 
ql => ee 13.(a) x Fr 
k? 2 2 
—_t, = aaGeee t 
2 2 7g 1) 


7 


Br, =t2 -4> 12 -2t, -4=0 
=> to =1+V5 
FG tt, 14+~5 


co. WP | 
11. (b) Equation of tangent at G@? ,2t) 
Length of LR =2(SM) 
P(2,3) S 
: _ 7122) +2-0|_ 12 
(2) 52 5 
f 12 V5 
— = >k= 
k 5 12 


14. (b)  t, =-+t; -— 
ty 
(ty +to)ty =-2 
-t; =tana,—t, =tanp 


=> tana(tana +tanB) =-2 


yt =x+t? 


Put (2,3) >t? -3t+2=0 


t =1,2>Q,R =(1,2)and(4, 4) 


Parabola 


P(at? ,2at,) , 
y*=4ax 


Q(at? ,2at,) 


EB 


IS. (d) VALVvB=> 22 =-151,1,=-4 


t,t 


2, 1,4 


1 

—tf+—t 
Kel 43°46) |tily4+ti 
ue athe [tol 44e3 


Jeb/4 +02 -([t2 | _ 8cot? 6 - 


cot? 0 
4 16 8 8 
eas Pie as 
fy a 
[.. tan 0 4 
ty 
16. (d) ax? +bx +e=0~" > ap =< 
\p a 
y=ax?+bx+c 


PS (8,0) 


(OT)? =(OP)(0Q) =of == 


a 
=> or = | 
a 


18. (a) ZORP == ZORQ 


2 
ty +to 


P(at? ,2at,) | 


slope of PQ = 


| 


t, +t 
— slope of OR =-["1*2.) tang 


2 
(at; ,2at,) 


> 1 ~ tafe + <tano, 
Cy to 
=> tand= [etugentte 


=> cot, +cot@, =—2tand 
19. (c) Equation of AB is 
yA + 3) =4(x + A) 
=> GBy-4x) +rA(y-4) =0 
represents family of lines 


passing through (3,4) 


187 


188 Advanced Problems in Coordinate Geometry for IIT-JEE 


y?=8x 


x-y+3=0 


20. (a) SP, semi latus rectum, SQ are in H.P 
2 1 1 11°55 
= + =i4+l= 
2a SP SQ 3 2 6 


24 


> a=° > Length of LR = 4a gage 


21. (b) ty =-2, to =-3 


= t3=5 


(at? ,2at,)° (4a,- 4a) 


(at? ,2at,)° (9a,-6a) 


(at? ,2at,) 


Equation of normal at (at 3 ,2at 3) 
Y=-—+t3X+2aty + at 3 
y =-5x +10a+125a 
5x+ y—-135a=0 
22. (a) Equation of tangent is 


yt =x +at? 


due == em 2 <1 Sel 
t 4 


& Ss | 


= 


> y=xt+a 
ae | ee 


V2 V2 


23. (a) Equation of tangent ‘L’ is 


yt —x =at? (1) 
Also Lis given by hx + ky =h? +k? ...(2) 


(1) and (2) are identical 


tenet at 2 k 
> =-== >t=- 
kh h?7+ 7 h 


he ake ( t) 
at = =a!/ — 
k h 


=> x(x? £7) +ay? =0 


1 0 0 1 
24. (ce) Area = modulus of <|at? 2at, 1 
at 3 2aty 1 


=|a7ty fs (ty -ta)| 


A =|-a7(t, —ty) | 


Parabola 


| (até ,2at,) 
2A 
|2a(t, —t )|=— 
a 
25. (d) at? =2at, >t, =2 27.(d) 9=2tan’2 


y2=4ax 
2at,) = (4a,4a) 


2 
: V3 <2<V2+1 
4a-0. 4 
_ XT = 3 
iors 7 _ Aa => y<tan 2<=* 
—6a-0 3 
= ee 21 3T 
m = = 


MpcMocg =-1 => PSLS 
ibe 2 28. (b) 2 =1 =>t,=1 


26. (d) PRSQ is a rectangle ty 
=> PR =SQ=Va? +a’t? Equation of tangent at A is 


PR =av1+t? yt) =x tat 
=> Wraxia 
> i) = — I 
Equation of normal at B is 


y =-tox+2at, + at3 


(1) 
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=> y=x-a-2a> y=x-3a 


y?=4Ax 


(at? ,2at,) 


tar distance between lines (1) and 


(2) is 
(a+3a) 4a 

== =2,/2 
Vi2412 V2 i 


29. (b) Equation of pair PA and PB is 


(y(2) -2(« — 1)? =(y? - 4x) (4 + 4) 
Put x=2 


=> (y-D* =2(y* -8) 
= y? +2y-17=0 
(¥1 ~¥2)? =(-2)? -4(-17) =72 
= ly1 -y2l=6v2 


30. (d) Put(h+rcos0, k+rsin@) to ae =4x 


=>k? +r? sin? 6 + 2krsin@ = 4h + 4rcos0 
=> r*sin?0+(2ksin0 —4cos6)r 
+(k? ~ 4h) = 00" 
1+(-) =2ksin0 —4cos0 =0 


=> a 
k 


Z 


\(-D = 


i 


sin? 


y? 
—s ce-y 192) 


=> (4x-y*)(4+y7) =4l? 


4” (4.2 MA (1 + cot? 6) 
0 


31. (c) Equation of normal at (t7,2t) is 


y=-tx+2t+t? 
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=> t?-7t+6=0>(t-D(t -2)(t +3) =0 33. (b) (y -2)? =-4(x -2) 
=> t=1,2-3 y-2=Y,x-2=X 
Qj, =m, +1=-14+1=0 y* =-4x 
do, =Mz +2=-2+2=0 ] 
a33 =M3+3=3+3=6 
Oo 14 y=—tx- 
|AJ=|1 0 1/=-4 
1 1 6 (-3,0) (—1,0) 
32. (d) 7 
Line is X —Y =-3 
=> Y=X+3 (1) 
Y =Bey -2e-t? (2) 
(OT) =(OA) (OB) (1) and (2) are identical for t =—1 


=3x5=15 
> OT =VJ15 
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SOLUTIONS (2) 
0 : ay a => t,t, =-4 
ne or More than One is/are Correct t, t% 

1. (b, c, d) = -t1 ea : 2 
Put (2h — a,2 —2h —2a) in the equation of ty ty ty 
parabola . Sa 

il — 
(a,2a) A 2 
ares | “. slope of AB =-t, =¥ ao 
Op, 3. (a, c) 


Equation of normal at ( ce, : :) is 


y =-tx sf + 
2 4 


Put (c,0) 


B 
(2h._2 
278.2 op 
2~2a) 


= 4(1-h-a)? =4a(2h-a) 


h 
=> h? p+ (2a7 -2a+D =a 
Nhy 
For two distinct real roots 
D>0 => 4-4(2a? -2a+1)>0 
=> a(a-1)<0 
| (1 Dl 
=> ae(0,) re34) 
=> Length of Latus rectum €(0, 4) 
2. (b, c) => '£ (3 c)e=0 
4 2 


| t 
(at? ,2at,) = 42 =(4¢-a)=07 * 


= 4c-2>0= ¢> > and tt, =-1 


=> 4c-2=1 > c=3/4 


| 2 
(at; ,2at,) 
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4. (a, ec, d) Put Q to equation 2x + y+4=0 
(PQ)? =a* [(t* -t'*)? +4(t-t)7] 
=a7[(t+t)* —4e L(t +t)? +4] 


7) 
t'=-+t-=— 
t 
= “Lae “2 [54 ‘| 
t £* 
=16a?| t? +8 i 
7 ee P > 2(2t-1+(t?7+D+4=0 
t+3)(t+1=0 > t=-1,-3 
=16a” 34t74 143 : ak d 


6. (b, d 
PQ? =1602(8+x4-~ +42) x>0 Pry) 
x? 


yg , 33 
5 (PQ”) = 164 [ -4,.-5) 


x x (at? 2at, JE »Y4) 


=1677 (x? —3x -2) 
x3 


_/16a7(x + D(x -2) 


x? ae 
2 2 yy 
PQ* is minimum att“ =2 o) 


en a 
(PQ) min =4a S424 245 -6y8a Catz )(ata) lage 2 
he 


> XXQ =X3B 


2 
—/2 — S_2,/2 2at, + 2at 
v2 —— Rees? 2a Fate Wy +t) 
= Q =(8a,- 4 V2 a) _ Mare ' 
or ass 2 ae ‘i 
a 7. (a, ¢, d) 
> Q =(8a, 4V2 a) slope = =1>t, +t, =2 
5. (a, c) pou: 
Q is image of Pw.rt.x-y+1=0 locus of R is 
x-t* y-2t | 5 joer +1 coat ere 
1 = 12412 > y =2a 


Q =(x, y) =(2t -1,t7 +) 
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= 


(at? ,2at,)=(x,,y,) 


locus of S is 
h=a((t, +t)? -tyty +2) =a(6-t, to) 


k=-atyty (ty +t) =—2aty to 


2h-k=12a 
2x-y=12a 
8. (a, b) 


P,P, =(a+ at*) +(a+t at 5) 
=a[(t, +t)? +4] 


Q1Q>2 =alt3 oe eg + 4] 
2 ae 
(t] +t) (t3 +t4) 


=> |(t) +ta)(t3+t4)|=4 


[v tito = —1] 


4 P, (at? ,2at,) 


= 


2 
(ats ,2at,)Q, 


[No 


2 
(at? ,2at,)P, 

fate 

.(aty ,2at,) 


12 >: 


=F thd, = Fa [(ty +tp)?+ Alles +4)? 4 


A> 5a? 2 aCe, + to)?2/4(t3 +t ie 


=8a*|t; +to| |t3 +t4|=32a 

Amin =2(4a)° at 

(ty +9)? =4=(t3 +4)? 
=> t, +t2 =2,t3+t,=-2 
or ft, +ty=-2, 

ty; +to =-2, t3 +t, =2 

Slope of P| Pz =1, slope of Q,Q5 =-1 

or slope of P,P, =—1, slope of Q,;Q, =1 
9. (a, b) 
k =2at 


- 2 
v7? =) +Qa=2x 


(at?,2at) 


y2=4b(x—c.) 


Ifa=b, 2x=a, straight line 
If 
a#b, y7(b —a) + 4aba =8abx, Parabola 


Parabola 


10. (a, c) 


Equation of tangent to y* = 4ax is 


1 
yt =x+at? => y=—-x+at 
t 


for (1) to represent 
2 


= There exists two 
VaeR-—{0} 
11. (b, d) 


Cc 
ty to “= c=—at, to 


(1) 


tangent to 


tangents 


AC? (at? +atyty)*+4a*t? t? 
CB? (at? +at;t.) amg tt? 
t t 
By, Oe 
AC  t, AC a 
AB ty)+t 
=> —=4 123 
AC ty 
a 
Oi el laamieeg 
NE © 
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A | 
(at? ,2at,) 


C(c,0)=(—at,t,,0) 


(at? ,2at,) 


> to Baty =3t or ii —ty =3ty 


.- CB to 
-s if — =-—+> t, andt, are of opp. 
[ AC 7 1 2 PP 
sign. ] 


Ser 2, ee, = 0 =6t7Paeet. 
— fie, —2t3 


12. (a, c) 


mz#0 


(1,0) (2,0) 


13. (a, b) 


AB is latus rectum of parabola 


. 


2) 


iol? 


(—p/2,0) 


ae) 
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14. (b, c) a f \ | 
Ce 


sin0,\|sin6]) 


= jsin6|< + 
2 


y 
y=|sin6| 


15. (a, c) 


Be nn —-~jnn+— snel 
6 6 


19. (a, ec) 
Equation of AB is 


For point A,B 


2x 43( 2x7] =6 
9 


2x7 +3x-9=0 
2x7 4 6x -3x -9 =0 =(2x Sti + 3) =0 


=> Asz=(-3,4) and a=(3.1] 


aj es, 2yk —8ax =k? — 4ah 

2 

3 3 Homogenising, we get 

—a=—->a=l 2 2 

2 2 (k* —4ah)y* —4ax(2yk -8ax) =0 

a € (-0,-2) U(0,) coefficient of x” + coefficient of y* =0 
16. (axes => k?—4ah+32a? =0 


|sinO| < => y* =4a(x -8a) 


S- 
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SOLUTIONS (3) 


Comprehension: i) 


1. (a) y =-tx + 2at + at? is normal to 
a = 4ax at (at? ,2at) 


Put (h, k) 


(at2 ,2at,) 
sae 


5 O 
| (ats ,2at,) 


fy 

=> at? + (2a-h)t-k=0Ct 
t 

2a-h 


tylo +totg3 +toty _ 


7 +¢2 +¢Nemet,)? -22t,t, 
_ 2(2a —h) 
a 


=0 


Centroid 


-(Se? te 1D) =i +t3)] 


a2 
=| ——(h-2a),0 
Ga . 
: 2 
Centroid (5 - 2a),0) 


2. (d) Intersection point 


=(atyto,a(t; + t>)) =(-a,-at3) 


P(at? , 2at,) 


(at? , 2at,)Q 


Quadratic whose roots are tj ,t is 
> x? —(ty +to)x+t it. =0 
=> x7 +t3x-1=0 
3 ZF 
3. (ce) at + (a gay — k lo— te 


t3 
a 


= t3 =-— 
a 


Put t3 to the cubic 
3 
| 5] K (04 h)-k=0 
a 


3 


a 
9) 

- ae 

a” a 

k? =a(h—3a) 


=> ae =a(x -3a) 


(; omprehension: (2) 
1. (c) Equation of tangent PQ isty =x +2t? 


Equation of COC of Q wrt. 
x? +y? =4 is x(tB a) + yp =4 
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C omprehension: (3) 
1. (a), 2. (ce), 3. (d) 
Eqn. of tangent at Q 
xt'—y =at'? rcs) 
Eqn. of tangent at P 


yt -x= at? (2) 
(1) and (2) are identical 


(tx + y)B -(4 + 2t7x) =0 


COC’s are concurrent at (-4 2) 


fo (‘+y3)a, (14/3) 
t2 \ De 2) 
(2at' at’) 
k= >? 
t t2 
2 
> < =—2 => y? =-2x 


2. (d) Point lies on x =—2 
and x? ey? =2(4) =8 


y? =4 > y=ti2 


2 


js 1 at 
3. (a) Circumcentre is midpoint of OQ t' at! 


=> t+=+>t=-1 (t 0 rejected) 


..Common tangent isx + y+a=0 


LR of P is 
G@eys)a (14+-43)a 
Zt" \ 2 * 2 . V2 3 
. 2 = /2(2++3)a 
| (tB—2t*,B)=(28-8,B) ua 
2h = 28 -8 
2k=B Eqn. of parabola P is 
(y-x)? 
=> 4k-2h=8 wT = V2 (2+ V3) a 


2y=x+4 
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[x+y G4) 2.) 7-—__. ae 


V1+b2 
2 ee 1 
lim V14b2 (1+b% 
(y -x)* =(2 +3) a(2x + 2y Aa /3)a) ssi sin b rae) (1+b > 
Extremities of L.R. of P is = lim | b| 
G48) 2 2 +y3)a +V3)a 1 +3) P>0 (14+ b? +1)? (1+b7)"* sind 
2 “a2 20 2042 i 1 oe 
LHL = , RHL = => Limit does not exist 
G+v3_, 1 (2+v3)a (+v3)a_ 1 (2+v3)a ao ald, 
2° v2 2° 2 J2 2 


3. (d) Vertex = D 1 b* =(h,k) 
be = 2° 4 ? 2 


2 5) 


e a (3+23)a (34+2V3)a a 
2 2 , 2 2 


k=1-h?, y=1-x?, 


Comprehension: (4) b é[-1,1] > b* [0,1] 
2 i 4 = 


y=x?+bxt1 


b 
For tangent from all points (a ,0) on x-axis > 1- rs ¢ [0,1] 
2 
x°+bx+120VxeER AM (-1, 0 y < (oe 
=> DS0=> b*-4<0 


=> bef ae] Comprehension: (5) 
bas =% (x, y) =(cos0,sin 0) 
Eqn. of tangent at (0, 1) toy =x? +bx +1 A= tina 4cos” 6 + 2sin? 6 —6sin9cos@ 
isy +1=bx+2>y=bx+1 (1) 0>7 6cos? 6 + /2 sin® —8sin@cos@ 
Eqn. (1) represents tangent to = lim (4cos 0 +2sin 0) (cos 0 —sin 0) 
x2 4 a =r? 005 6 cos O(cos 6 —sin 6) + V2 sin 0(1— V2 cos 0) 


> r= A aie (4cos 0 —2sin 8) (cos 0 — sin @) 
V1+b? rt ¥ 
¥ ae 6cos + V2 sing 2426089) 
1.f@pmer b=2,r=—- (cos @ —sin 0) 
© 5 <— (4cos 0 — 2 sin) 2 
A=* 07 6cos0 — J2sin 9 ose t sin ®) 5 


(1+ /2 cos) 
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1. (ce) Perpendicular from (0,0) =1 Hence, ¥7 —4x+32=0 


3. (ec) Obvious 
t) 


C omprehension: (6) 


word i 1 (d) PQi di t Pv 
(-2t?,0) . 1S diameter OF circle 


=> tangent of parabola is normal to C 


Circle & parabola are orthogonal 


7 


= 44 =¢741 


2 _1+V17 


8 
mesa) EC 


2. (d) Area of 


=> 


2. (a) Equation of chord whose midpoint is 


(h, Kis APQR = ; (PS) (QR) = 5(PQ) (PR) 
| _, (PS)(QR) _, 
(PQ) (PR) 
(hk) 3. (ce) (PQ)? 
2 2 
=(at~ +a)* +[ aa a =) 
L _& G2 4y24 0 7 _(t? +1% a? 
yk —4(x +h) =k? -8h c £* 


yk —4x=k? —4h m(t?+)* 2 


4 t2 


AreaofC =~(PQ)2 = 
Homogenising, 4 
(k? — 4h) onde =8x(yk — 4x) 


C omprehension: i) 
=> (k? —4h) y? +32x? -8kxy =0 


1. (a), 2. (ce), 3. (d) 


coefficient of x* + coefficient of y? =0 Equation of CD is 


> k? —-4h+32=0 x(t, be) =2y +otite., 
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Parabola 
2 
y intercept = -2 tit, => 17 -20 51+ 320 =(1-4 V5) 
(1-16 V5) =0 
slope = ++ =2=>t, +t, =4 1=45, 16V5 
- a 
12 -2( 3+} +17 = Argan = lnak =(16V5)* =1280 
l= 7 Z From (1), 
V5 A 
Bt 12-00, ifl=4v9 


to 


Cas 
=> t?—4t+(—4lV5 +68)=00 0) ; 
=> y intercept of CD is y =e ty =3 


tg 


1 1 
Alsol* =—(t, <tt>)? +—-(t =r )- 
so a 2) er 2) 


Cc = (3,9), D(-1, a) 
Area of shaded region 


> 1? =[(t, +e) ant] 5+ +t2)?| 3 
7 [ex+3-x)de-> 
-1 


1 $1 
1* =[16 — 4(-41/5 §68)]| — + x16 
=I =[ ( o nf Fee 


=5[41/5 -64] 
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SOLUTIONS (4) 


Homogenise 
=> (k? =D 7 =4x(yk - 2x) 
=> 8x? +(k? -2h) y? —4kxy =0 


Match the Columns: 


1. a-q; b-s; c-p; d-r 


2 => (8 +k? —2h)? = 4[(2k)? -8(k? -2h)] 
ae 2 2 o) 
ty => (y* -2x4+8)* -16(4x - y*) =0 
iG ee joes => yt Axy24 4x24 32y2-96x +64 =0 


t 
; (c) Put (h+rcos0, k+rsin 8) in equation 


> ty == ty =k+2 of parabola 


k? +r? sin? 6+2krsin0 
—4(h+rcos0) =0 
r? sin? 0 +(2ksin0 — 4cos0)r 
1 
o) Re 
+k punao. 
Sum of roots =0 


=> 2ksin0 —4cos0 =0 


2h =(t2 +t2)=—- 4+ ke 444 2 
k? k = a en 


8 
= 7 444k? AP (htr,cosd,k+r,sin®) 


y* +(4-2x)y? +8 =0 
(b) 


bh (k2-2h)y2=4x(yk-2x) Product of roots =—1 


k2 

=> -1=(k? -an{ +) 
4 

4 =(y? +4)(y? -4x) 


Eqn. of AB isT =S, => yk -2x =k? —-2h 
=> y*+4(1-x y?+4(1-4x) =0 
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(d) Equation of AB is (c) x5 = f° +253 
(d) x. =4>¢7 =2 
TR is diameter, TR =6 


Area of circle = wR) 2 On 
3. a-q; b-r; c-p; d-s 


3.5 111 
: (3.3 }.2 (3-5) 


Feet of perpendicular from focus on any 
tangent lies on tangent at vertex 


yk -2x =k? —2h > focus s=( 27,2) 
a 9 9 
Put (t“,2t) 
; . foot of directrix 
2t“ —2kt +(k* —2h) =0 3) 17 (5) 26 10 19 
k? 2h =“[*la) "9 712) 9 Jato 9 
; Equation of directrix is 
y =2(x +2) 29 
xX+ y=—>9x+9y—-29 =0 
2. a-1r; b-q; c-q, t, s; d-s 9 
(a) t742=3>tHH Length of latus rectum 
2 2 
Area of PTOR =2{ 23+ D2\=8 17 _ 3 \amys _ 5 
; 9 2 9 2 
pene wae “5 Length of LR -Me (Here, LR = latus 


‘ rectum) 
\/ (t?+2,0)=(x,,0) 


(-47,0)=(x,,0) 


L = _ > [e 


(t?,-2t) 
(b) Pr =/404 4402 =4e 1402 
4t7(1+t7) =80 


2 2 
(t“ +5)(t“ —4) =0 Extremities of 


t=+2=> x. =6 me, al +x) 26 7 (si ar) 
LR= + cos ‘ + sin 
9 9 4/9 9 4 


9 9 479 9\ 4 


Extremities of 
ip -(2 3) edi (+ 2) 
9 9 9 9 
Equation of parabola is 


— y=x- 1)" =28(y + x -4) 


4. a-s; b-r; c-r; d-q 

(a) t; =2 

2 8 4 
ty +t, 6 3 


Slope of AB = 
wa ff, +t = 
1tf2=5 


to =— 


sd 
2 


Se) | 
AON ‘ 
NG 3) 


2 
(2t2 ,4t,) B 


| 


AB = AS + SB =(2 +2t?) + (2 +265) 


=4+2 444 = (Ge 
4) 2 2 


Leys 3)? k(5x-12y+1)* 
b poe ms 
|x 4 ly 5s) | 1B 
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(2 72 ( *) 26 22 =) 
Cos sin 


4x? 49x 4(x +1) =36 


=> x*4+9x=0>x =0,-9 
Length of common chord = 4 


0 
d) tan— =2 
eS 


5 


[ 


|tan |= 


2(2) 


=4 
i=-@)7| 3 
5. a-p,s ; b-q,r ; c-s ; d-q,r 
(a) For line to become tangent to ellipse 
a? =2+1>a= +f3 
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(b) For line to become tangent to 
| hyperbola 
(at? , 2at,) A 
ge | 
RY 


| (at? , 2at,) 


ice 427-23 = 4t4+3#7-1=0 
2 1 ts a t 
m=-t, fail => (44°- D7? +D=0 
2 2 al 
(c) ty=x+t => ty-x=t (1) t=t5 
2 2 
tx=y+t' > tx-ye=t' (2 
4 a“ e pi y=x => 2x+1=ty 
(1) and (2) are identical 2 
1 ¢t2 2x+y+1=0 
=> +=-L=—_=t' 
t' ¢'2 6. a-q; b-s; c-q; d-p 
| (a) t? =2 
(b) A =|(t, -t2)(t2 -t3) (3 -t1) | 
=1x2x3=6 


™, =1,t, =2,t.=4 
(2t£2) Crt, 2 3=4) 


11 1 
(c) put(*,2) to equation 
4° 4 " 


y=-te+2t4+t3 

1 

ri 
= 4¢°-3t-1=0 
=> “Gani naD eo 


2 distinct normals are drawn through 


(d) ty=x+2t? (2 *| 


--U +B 
4 


t? =-1 => t=-l 


=y—x=1 
x+y+1=0 => k=¥3 


yereeoe +o 
t 
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7. a-p; b-t; c-q; d-s 
Equation of normal at (t 2 2t) is 
y+tc=2t4+t3 


Put (4,1) 


ZEN 


SS ARUEE  2tg) 


S +> -2t-1=-0 


1-. sees 
=a t=-l, , 
2 2 
14+V5 1-45 
ta ,te= ,t3 =-l 
1 3 2 3 3 
aL=45 45 <1 
B =(tjt3,t, +t.)= ; 
(tyt3,t; +t3) 3 3 
5-1 -v5-1 
ca(atasts rtadal ; 2 


Centroid of AABC,G = & 0| 


Orthocentre of AABC, H =(-1,1) 


Circumcentre of AABC, 


O -($ 2) = midpoint of BC 
af 2 


Focus S =(1,0) 
5 

a) SG=— 

(a) 7 


(b) Safe 4/5 
2, Z, 
(c) SO = (3) (3) _v10 


2 2 
(d) Area of 
AABG ~ 1 (4B) (AC) _ 120+ 8V5 
2 2 2 
20-8V5 _ V5 
2 2 
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SOLUTIONS (5) 
7 7 (at? , 2at,) 
Subjective Problems Bis 
1. (0) X1—-X2 4 Xo —X3 4 X3 —Xy 
3 J1 Y2 


Dip. 2 2 Fe DD 
_aty -tz)  atz -t3)  alt3 -t7) 


2at 3 2at, 2at»5 
Abi —ty)(+43) ss (tz —t3)(+t)) 
2t3 2t1 
2to 


[es il +to9 +t3 =0] 


1 


NY 


2. (2) For intersection of two parabolas 


(aS 


(h,k) 


(y-k)? =Ih-y? 
=> 2y* -2ky +k? -Ih=0 
D =0 (:. curves touches) 
=> 4k? —8(k? —hD =0 
=> k? =2lh=> y* =2lkx 


3. (4) Put (at? ,2at) to equation of AB i.e. 
ke +my =1 


2 
(aty ,2at,)A 


=> lat* +2mat -—1=0 


2m 
> ty + to = 7 
ty +to + t3 =0 
[A,B,C are co-normal points] 


2m 
> er 


2 
gE 2 ,2at,} (* 2 Ae) 


= je! 
4. (2) Q =(alts +t3 +2 +fot3), 
Bat ots (to +t3)) 
—at 9 t3 (ts +t3) =-at; 


[..t; ,t2,t3 are co-normal points] 
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| 6. (2) 
at? , 2at,) 
(at,t,,a(t,+t,)) 


Q(3atat? ,—at,) (at,t,,a(t,+t,))R 
G(2a+at? ,0) 


(at? , 2at,) 


(at,t,,a(t,+t,))Q 


(at? , 2at,) 
> tots =-] | 


(-t2)(+t3) ==] 2 
=> normals att, andts are perpendicular. i any aan a 
ats 2at, 1 
5. (4) Q =(0,at1),R =(0,atz) ae 
AABC atz3 2at3; 1 
Perpendicular through P to QR bisects fo y[etit2 alt, +t2) J 
Slatot3; a(tz+t,) 1 
QR 2 
atst; a(tz+t,) 1 
oe 2 
eA (at? , 2at,) _ a |(ty ~ta)(tz -ts)(t3 -t1) _ 


2 


roles ty) meet a) (ty — ty) 


7.(80) — ye tla 4 x=5 


t?=S>t'=V5 


.) 
Ce 


Area of APQR => late, —ty)atyty| 


2 a 
c = 5 estas —ty)| 


4 
=> ct =e t?t2 [(ty +to)* —4eg 
at h2|(k)" 4h Length of double ordinate 
as (5 a =4t'=4,/5 =J/80 
4c* =h? (k? — 4ah) N =80 


=> x? (y? ~4ax)=4c+ > 2 =4 


Parabola 


8. (5) Equation of tangent to parabola at P is 


2(y +9) =6x> y+9=3x 


Equation of circle is 
(x -6)* +(y -9)* +ACy -3x +9) =0 
Put (0,1) 
=> 36+64+A(10) =0 
> A=-10 
Equation of circle is 
x? + y74+18x-28y +27 =0 


radius = (92 + (14)? -27 =5V10 


9. (8) Equation of AB is 


(tyt,,t,+t,) P 
3612) 


L 


209 
AB =(14+t7)+(14+t3) =24t?4+t3 


=(t; +t.)*+4=44+4=8 


Area of APAB =~ x 24/2 x8 =8V2 N=8 


10. (2) Put (c + rcos8,rsin8) to the equation 


y? =4x 


al 
Men? 0 -4cosOr—4c=07 


1 1 1 1 
+ 


7 _ 
(PK)* (QK)* ry rg 


mor, + foi =D 


(yrs)? 
16 cos” 6 8c 
__sin*@ __sin70 
16c? 
sin‘ 0 
_ 16cos* 0 + 8csin? 0 


16c? 
1 1 


———__ 
(PK)* (QK)? 
independent of 0. 


8c =16 for to be 


— ic — 2, 
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r KEY CONCEPTS 7 


1. STANDARD EQUATION AND DEFINITIONS 


Standard equation of an ellipse referred to its principal axes along the co-ordinate axes is 
2 2 


—_ or 
a b 
Where a> bandb? =a*(1-e”7) =a? —b* =a7e?. 
Where e = eccentricity (0<e< 1). 
FOCI : S =(ae,0) and S’ =(-ae,0). 
Equations of Directrixes 
a 


a 
x=— and x=-—. 
e e 


Vertices : 

A'=(-a,0) and A =(a,0). 
Major Axis : 
The line segment A’ A in which the foci 


Ss 


and S lie is of length 2a and is called the major axis (a> b) of the ellipse. Point of 
intersection of major axis with directrix is called the foot of the directrix (z). 


Minor Axis : 


The y-axis intersects the ellipse in the points B'=(0, — b) and B =(0, b). The line segment B'B 
of length 2b(b< a) is called the minor axis of the ellipse. 


Principal Axis : 
The major and minor axis together are called principal axis of the ellipse. 


Ellipse 211 


Centre : 
The point which bisects every chord of the conic drawn through it is called the centre of the 


2 
conic. C =(0,0) the origin is the centre of the ellipse -_ + 7 =. 
a b 


Diameter : 

A chord of the conic which passes through the centre is called a diameter of the conic. 
FOCAL CHORD : A chord which passes through a focus is called a focal chord. 
Double Ordinate : 

A chord perpendicular to the major axis is called a double ordinate. 

Latus Rectum : 


The focal chord perpendicular to the major axis is called the latus rectum. Length of latus 
2b? _ (minor axis) 2 


rectum (L L') = =2a(1—e*) =2e (distance from focus to the corresponding 


a major axis 


directrix) 


2. POSITION OF A POINT w.r.t. AN ELLIPSE 


2 


2 
The point P(x,,y,) lies outside, inside or on the ellipse according as; = + pa =1>< or =0. 
a b 


3. AUXILIARY CIRCLE/ECCENTRIC ANGLE 


A circle described on major axis as diameter is called 


the auxiliary circle. 


Let Q be a point on the auxiliary circle x7 + y* =a” 


such that QP produced is perpendicular to the x-axis 
then P and Q are called as the CORRESPONDING POINTS 
on the ellipse and the auxiliary circle respectively ‘0’ 
is called the ECCENTRIC ANGLE of the point P on the 


ellipse (0<0<27). Tr 
Note that £(PN) _ b _ Semi minor axis 


(-a, 0) A 


0(QN) a  Semimajor axis 


Hence “If from each point of a circle perpendiculars are drawn upon a fixed diameter then the 
locus of the points dividing these perpendiculars in a given ratio an ellipse of which the given 
circle is the auxiliary circle”. 


4. PARAMETRIC REPRESENTATION 
2 
The equations x = acos@and y = bsin6 together represent the ellipse S + a =1. 
a b 
Where 0 is a parameter. Note that if P(6) =(acos9, bsin68) is on the ellipse then ; 
Q(8) =(acos0,asin6) is on the auxiliary circle. 
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5. LINE AND AN ELLIPSE 


2 2 
The line y =mx +c meets the ellipse “a - = 1in two points real, coincident or imaginary 
a b 
according as c* is<=or>a*m? +b?. 
x2 y? 
Hence y =mx + c is tangent to the ellipse arcs lif c? =a?m? + b?. 
a 


The equation to the chord of the ellipse joining two points with eccentric angles o and is given 
x ON Pe 


cos n 
a 2) b 2 2) 
6. TANGENTS 
(i) — + a =1is tangent to the ellipse at (x,, yj). 
a 


(ii) y =mx+Va’*m? +b? is tangent to the ellipse for all values of m. 


Note that there are two tangents to the ellipse having the same m, i.e., there are two 
tangents parallel to any given direction. 
xcos®0 . ysin@ 


(iii) 


= 1is tangent to the ellipse at the point (acos0, bsin9). 


(iv) The eccentric angles of point of contact of two parallel tangents differ by x . Conversely if 
the difference between the eccentric angles of two points is x then the tangents at these 
points are parallel. 


a+p da +B 


cos 
(v) Point of intersection of the tangents at the point a and £ isa 2 ,b 2 
cos a cos = 
2 2 
7. NORMALS 

a°x b?y 2 2 252 
(i) Equation of the normal at (x, y,) is —— -—~ =a“ —b* =a“e”. 

xy J1 
(ii) Equation of the normal at the point (acos 90, bsin 8) is ; ax sec 0 — by cosec 0 = (a? 2h}, 

(a? —b?)m 


(iii) Equation of a normal in terms of its slope ‘m’ is y =mx — ——————-—. 
Va? +b2m? 
8. DIRECTOR CIRCLE 
Locus of the point of intersection of the tangents which meet at right angles is called the 
director circle. The equation to this locus is x? + y? =a? + b”i.e.,a circle whose centre is 


the centre of the ellipse and whose radius is the length of the line joining the ends of the major 
and minor axis. 
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9. CHORD OF CONTACT 


10. 


11. 


12. 


Equation of chord of contact of tangents drawn from a point P(x,,y,) to the ellipse 
2 2 


aa y =1lis T =0, where T -™1 , aan 
a bP a? be 
CHORD WITH A GIVEN MIDDLE POINT 
2 2 
Equation of the chord of the ellipse a + = = 1, whose middle point is(x,,y,)isT =S,,where 
b 

2 2 

See 9 = 
a* De ae be 

DIAMETER 


The locus of the middle points of a system of parallel chords with slope ‘m’ of an ellipse is a 

straight line passing through the centre of the ellipse, called its diameter and has the equation 
2 

y=- : x: 


a*m 


IMPORTANT HIGHLIGHTS 
x2 y? 
Referring to an ellipse — + —— =1. 
a be 


H-1 If P be any point on the ellipse with S and S’ as its foci then /(SP) + ¢(S'P) = 2a. 

H-2 The product of the length’s of the perpendicular segments from the foci on any tangent to 
the ellipse is b* and the feet of these perpendiculars Y ,Y’ lie on its auxiliary circle. The 
tangents at these feet to the auxiliary circle meet on the ordinate of P and that the locus of 
their point of intersection is a similar ellipse as that of the original one. Also the lines 
joining centre to the feet of the perpendicular Y and focus to the point of contact of 
tangent are parallel. 

H-3 Ifthe normal at any point P on the ellipse with centre C meet the major and minor axes in 
G& g respectively, and if CF be perpendicular upon this normal, then 


(i) PF.PG=b? (ii) PF.Pg=a’ (iii) PG.Pg=SP.S'P_ (iv) CG.CT =CS? 


(v) locus of the mid point of Gg is another ellipse having the same eccentricity as that of the 
original ellipse. [where S and S ‘are the focii of the ellipse and T is the point where tangent 
at P meet the major axis. ] 

H-4 The tangent and normal at a point P on the ellipse bisect the external and internal angles 
between the focal distances of P. This refers to the well known reflection property of the 
ellipse which states that rays from one focus are reflected through other focus and 
vice-versa. Hence we can deduce that the straight lines joining each focus to the foot of the 
perpendicular from the other focus upon the tangent at any point P meet on the normal 
PG and bisects it where G is the point where normal at P meets the major axis. 
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H-5 The portion of the tangent to an ellipse between the point of contact and the directrix 
subtends a right angle at the corresponding focus. 


H-6 The circle on any focal distance as diameter touches the auxiliary circle. 

H-7 Perpendiculars from the centre upon all chords which join the ends of any perpendicular 
diameters of the ellipse are of constant length. 

H-8 If the tangent at the point P of a standard ellipse meets the axis in T and t and CY is the 
perpendicular on it from the centre then, 


(i) T.t.PY =a? —b and (ii) least value of Tt is a + b. 
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EXERCISE (1) 


Only One Choice is Correct: 


1. If 


2 
x? y 


+ 
f(4a) f(a? —5) 


function, such that f(x) > 0. Vx eR, then complete set of values of a is : 


=1 represents an ellipse with major axis as y-axis and f is a decreasing 


(a) (—00,1) (b) (-0,-1) U(5,«) 
(cy) {=14) (d) {+1,5) 
2 2 
. If the inclination of a diameter PP’ of the ellipse ~ + i =1is 0 and (PP’)” is the A.M. of 
a b 
squares of the lengths of major and minor axes, then tan 0 is equal to : 
(ay 2 fb) +2 
a b 
fm) +1 (d) +v3 


. Ellipses are described with line segement AB as the fixed major axis. The locus of an end of a 


latus rectum is : 


(a) straight line (b) parabola 
(c) circle (d) ellipse 
. Aseries of ellipses E, ,E5,...... E,, are drawn such that E,, touches E,,_, at the extremeties of 


the major axis of E,,_, and the foci of E,, coincide with the extremeties of minor axis of E,,_, . If 
ecentricity of the ellipses is independent of n, then the value of ecentricity is : 


V5 V5 +1 
(a) 3 (b) 4 

N5 -1 V5 fl 
(c) 5 (d) Z 


2 2 
. If base of a triangle is the major axis of the ellipse =a + > =1and third vertex moves on the 


ellipse, then maximum area of triangle will be: 
(a) 6 (b) 72 
(c) 12 (d) none of these 


2 
. The angle between ellipse a + y” =1and circle x? + y* =2 is @, then tan6 is equal to: 


1 1 
Zl by a 
S ” 2 
(c) <2 (d) none of these 
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7. The locus of point of intersection of perpendicular tangents of ellipse CG -~ - y = = lis: 
(a) x7 4 y? =25 (b) x74 y*42x+2y-23 =0 


10. 


11. 


12. 


(c) x? 4+? —2x=-2y—23 <0 (d) none of these 
2 2 


. If normal at any point P to the ellipse - x =1(a>b) meet the axes at M and N so that 
b 


eu , then the value of eccentricity is: 
PN 3° 
1 2 
) == (b) v2 
V2 V3 
1 
(c). == (d) none of these 
V3 


. If the line joining foci subtends an angle of 90° at an extremity of minor axis then the 


eccentricity of the ellipse is: 


1 1 
) = (b) = 
V3 V2 
(c) 5 (d) none of these 
The length of sides of square which can be made by four perpendicular tangents to the ellipse 
2 2 
2 ~ =1 is 
7 nb 
(a) 1 (b) 5 
(c) 6 (d) none of these 


a 


The eccentricity of the ellipse which meets the straight line Z + 5 1on the axis of x and the 


straight line ms — = =1on the axis of y and whose axis lie along the axes of coordinates is: 


x3 


(c) — (d) none of these 


The point on the ellipse x? +2y” =6 closest to the line x + y =7: 


(a) (1,2) (b) (2,1) 
(c) (3,2) (d) none of these 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


y? 


r : ax by . : x? 2 — 
If straight line — + “y =c is anormal to the ellipse ja 1(a> b), then a“ — b* is equal 
a b 
to: 
(a) 4c (b) 5c 
(c) 6c (d) none of these 


2 2 
If S and S' are the foci of the ellipse oe + _ =1and P is any point on it, then difference of 


maximum and minimum of SP.S'P is equal to: 


(a) 16 (b) 9 
(c) 15 (d) 25 
Point‘ O’ is the centre of the ellipse with major axis AB and minor axis CD. Point F is one focus of 


the ellipse. If OF =6 and the diameter of the inscribed circle of triangle OCF is 2, then the 
product (AB) (CD) is equal to : 


(a) 65 (b) 52 
(c) 78 (d) none of these 
The angle between the tangents drawn from the point(J7 J) to the ellipse3x* +5y? =15is: 
(a) 1/6 (b) 1/4 
(c) 1/3 (d) 7/2 
Which one of the following is the common tangent to the _ ellipses, 
— y? x2 y? 
+ =1and + =1? 
a + b7¥mb? a? a* +b? 


(a) ay =bx +Va‘* —a7b* + b4 (b) by =ax —Va* +a7b* + b4 
(c) ay =bx —-Va* +.a7b* + b4 (d) by =ax + Vat —a7b* + b4 


2 2 


The normal at a variable point P on an ellipse awed 


LT aa of eccentricity e meets the axes of the 
a b 


ellipse in Q and R then the locus of the mid-point of QR is a conic with an eccentricity e’ such 
that: 


(a) e’ is independent of e (b) e’=1 
(c) e’=e (d) e’=1/e 
The latus rectum of a conic section is the width of the function through the focus. The positive 


difference between the lengths of the latus rectum of 3y=x?+4x-9 and 
x7? + 4y* -6x + 16y =24 is: 


(a) (b) 2 


(c) (d) 


Nlw Ne 
Riu 
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20. 


21. 


22 


23. 


24. 


25. 


2 
F . : ; my x 
. The point of intersection of the tangents at the point P on the ellipse a 


Advanced Problems in Coordinate Geometry for IIT-JEE 


y? 


2 
x —2y +4=0 is a common tangent to y* =4x and a an 1. Then the value of b and the 
b 


other common tangent are given by : 


(a) b=3;x+2y+4=0 (b) b= V3; x+2y+4=0 
(c) b=V3;x+2y-4=0 (d) b= V3; x-2y-4=0 
The area of the rectangle formed by the perpendiculars from the centre of the standard ellipse 
to the tangent and normal at its point whose eccentric angle is 1/4, is : 
222 ie 1,2 
=b“)ab -b 
a () AE 
a“ +b (a“ + b“)ab 
2 22 Qing. 2 
(c) (a“ —b*) d a“ +b 
aba + b*) (a? —b?)ab 


2 
a 1 and its 
b2 


corresponding point Q on the auxiliary circle meet on the line : 


(a) x=a/e (b) x=0 
(c) y=0 (d) none of these 
An ellipse having foci at (3,3) and (-4, 4) and passing through the origin has eccentricity equal 
to: 

3 2 
(a) = iy! = 

7 7 

5 3 

71 d) 2 
(c) - (d) = 

x2 y? 
C is the centre of the ellipse ae + ae =1 and A and B are two points on the ellipse such 
i 1 
ZACD = 90°. Then ——+—~ =: 
CA* CB? 

25 144 

a b) == 
mia OM 

7 12 

—_ d) 4 
(c) or (d) 7 


2 2 


Consider the particle travelling clockwise on the elliptical path a + ad =1. The particle 


leaves the orbit at the point (-8,3) and travels in a straight line tangent to the ellipse. At what 
point will the particle cross the y-axis ? 


25 25 
oe) 0 (6-3) 


() (0,9) (d) (0.2) 
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26. 


27. 


28. 


29. 


30. 


31. 


32. 


A bar of length 20 units moves with its ends on two fixed straight lines at right angles. A point P 
marked on the bar at a distance of 8 units from one end describes a conic whose eccentricity is: 
5 v2 
(a) — (b) — 
9 3 
4 v5 
(oe (d). —— 
9 3 


2 2 
P and Q are two points on the upper half of the ellipse + a = 1.The centre of the ellipse is 
a b 
at the origin ‘O’ and PQ is parallel to the x-axis such that the triangle OPQ has the maximum 
possible area. A point is randomly selected from inside of the upper half of the ellipse. The 
probability that is lies outside the triangle, is : 


(b) 2n-1 Se nm-1 
2m 


Which of the following is an oti of the ellipse with centre (—2, 1), major axis running from 
(2,6) to (-2,— 4) and focus at (—2,5) ? 


(x=2)- . (y+)? 


2 2 
(x+2)" (=D 


a =1 b 1 
oy 25 16 a 25 9 
2 2 2 m2 
(c) (x -2) esa!) ba (a) (x + 2) Fa) sD) _f 
9 25 9 25 
™ x2 y? 
If P(6) and (3+ 0] are two points on the ellipse ~ Fee = 1,then locus of midpoint of PQ is: 
a b? 
D 2 2 2 
@ e+ 4a 
a’ bw a” EF 
2 2 2 2 
(c) ~~+5=4 (d) ~~ +7 38 
a b a b 
An ellipse has OB as semi minor axis, F and F’ its foci and the angle FBF’ is a right angle, then 
the eccentricity of ellipse is : 
1 1 il iL 
(2) (b) — (oy (d) ee 
V3 4 2 V2 


The length of the latus rectum of the ellipse 9(2x + 3y —1)? + 16(3x —2y +5)? =25is: 


B./117 ) soils = 54/117 @ oa3 
104 104 104 
2, 2 


PF 
Let F, ,F> are foci of the ellipse 2 - va =1;P is a point on the ellipse such that — =2. Then 


2 


(a) 


the area of APF, F% is: 
(a) 4V2 (b) 4V5 (c) 4/V5 (d) 4 
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ERHES SEARED 
1.| (d) 2.| (a) 3.) (b) 4.| (c) 5.| (c) 6.) (b) 7.| (c) 8.| (c) 9.| (b) | 10. (b) 
11.) (b) | 12.| (b) | 13.) (b) | 14.) (b) | 15.) (a)| 16.)(d)| 17.) (b)| 18.) (c) | 19.| (a) | 20.) (b) 
21.| (a) | 22.) (c)| 23.) (c) |) 24.| (a) | 25.) (a) | 26.|/(d)| 27.) (a) | 28.|(d) |) 29.| (a) | 30.| (d) 
31.| (c) | 32.) (d) 
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EXERCISE (2) 
One or More than One is/are Correct 
2 2 
1. - + ~ = 1is an ellipse with foci S; and S4. Rectangle S;PS5Q is completed (where P andQ 


are on the ellipse): 
(a). number of such pair P,Q is one 
(b) area of rectangle S;PS.Q is equal to 2 sq. units 
(c) there will be infinite such pairs P,Q 
(d) rectangle S;PS,Q is a square 

y? 


2 
2. Line through P(a,2) meets the ellipse a + ea =1at Aand D and meets the coordinate axes at 


B andC so that PA,PB,PC,PD are in G.P, then possible values of a can be : 


(a) 5 (b) 8 (c) 10 (d) =7 
2 2 
3. Ifellipses ~ + “ = 1be described having the same major axis, but a variable minor axis, then 
a b 
for all values of b, the tangents at the ends of their latus rectum can pass through : 
(a) (0,a) (b) (,-a) 
(©) @,2a) (@) (,-2a) 


16sin0 


Vil 


circle x7 + y? —2x =15, then 6 equals : 


4. If the tangent at the point [4 cos 6, to ellipse 16x” +11ly* =256 is also tangent to 


T 20 51 51 
(a) 3 (b) 3 (c) : (d) 3 


5. For a point P on ellipse the circles with PS and PS' where S,S' represent foci of ellipse as 
diameter intersect the auxiliary circle of ellipse at A,A, and B,B, respectively, then which of 
the following is/are correct ? 


(a) Aand A, coincide, B and B, coincide 

(b) Segment AB is tangent to ellipse at P 

(c) Tangents at A and B on auxiliary circles are perpendicular. 
(d) SA and SB are parallel 


2 2 
6. Equation of tangents drawn from (2,3) to the ellipse Fr + = = is/are: 


(a) x+y+5=0 (b) x+y-—5=0 
(c) y+3=0 (d) y-3=0 
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10. 


11. 


12. 
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» A(x —2y + I)? + 9(2x + y +2)? =25 represents ellipse whose: 
(a) centre is (—1,0) (b) eccentricity is = 
ofa Ma WO , ae ee 
(c) length of major axis is os (d) equation of major axis is2x + y+2=0 
. The eccentric angle of point on the ellipse x” +3 y” =6 at a distance 2 unit from origin is: 
™ 31 
(mc. oy 
4 4 
5 7% 
(ce) —— (d) — 
4 4 
. For the ellipse 5x” +9 y” + 10x —36y — 4 =0 which of the following are true : 
(a) centre is (1,2) (b) one of the foci is (-3,2) 
(c) length of latus rectum is = (d) eccentricity is ; 


If the tangent to the ellipse x*+4y*=16 at the point P(@) is a normal to circle 
x? + y* -8x—4y =0 then 0 equals: 


T T 
Ay 
(c) 0 (d) x 


If the focus, centre and eccentricity of an ellipse are respectively (3,4) (2,3) and > then its 


equation is given by: 
(xt y-5)* o(x-y+D* _ 


(a) 16 12 : 
b) (x-y+D* , CRy-5)* _| 
16 1) 


(c) (x-3)? +(y-4)? + @-2)? +(y-D? = 42 
(d) Gx -3)? +(y-4)? +(x ae a ofr 44/2 


2 2 


The locus of incentre of APF, F, where P is a variable point lying on ellipse ~ + y =1 with 
a b 
F, ,F, as foci and eccentricity e is a conic whose: 
2 2 2 2 2 2 
1+ 1- 
ope ite)" 4 (b) equation is ~— + ~ Cae 
b7e" ae? be” 


1 


(a) equation is 
a“e 


(c) eccentricity is | (d) eccentricity is rn 
+e 


—€é 
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2 2 
13. A parallelogram circumscribes the ellipse = + vn = land two of its opposite angular points lie 


on straight lines x* =17, 2 #0, the locus of the other two vertices is: 


(a) ellipse ifA>3 (b) hyperbola if i ¢ (0,3) 
(c) circle ifA = Ls (d) ellipse ifA <(0,3) 
J5 


14. On the ellipse 4x? + 9 y* =1, the points at which the tangents are parallel to line 8x =9y are: 


15. Let P(x;,y1) and Q(x2,¥2),¥1 <0, yy <0 be the end points the latus rectum of ellipse 
x? +4y? =4. The equations of parabolas with latus rectum PQ are : 


(a) x7242v3y =3 + v3 (b) x? -2oy 7+ /3 
(c) x? +273 yaa (d) x? 3G =o |3 


16. Ifthe ellipse x? + k?y* =k?a? is confocal with the hyperbola x” — y? = a?(k> 1). Then which 
of the following statement(s) is/are correct ? 


(a) Ratio of eccentricities of ellipse and hyperbola is 


V3 
(b) Ratio of major axis of ellipse and transverse axis of hyperbola is V3 


(c) Ratio of minor axis of ellipse and conjugate axis of hyperbola is 3 


(d) Ratio of length If latus rectum of ellipse and hyperbola is y 


V3 


i 
IS 


(a, b, d) (b, c, d) 3.| (a, b) 4.) (a, d) 5.|(a,b,d)| 6.) (b, d) 


7.| (a,b, d) 


So 


(a, b, c, d) 9.| (b,c, d) 10. (a, c) 11.) (a,d) | 12.) (a,c) 


13. (a, b, c) 14. (b, d) 15. (b, c) 16.| (a, b, d) 
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EXERCISE (3) 
Comprehension: (1) 
x2 y2 
Consider an ellipse S, = + =1.Let S, =0 be a parabola on the 
a? ate") 


right of the y-axis confocal with S, = 0 having vertex at the centre of S, =0. 
Let P be the point of intersection of the parabola and the directrix of ellipse in 
the first quadrant and L =0 is the directrix of the parabola. 


1. The ordinate of the point from which the pair of tangents drawn to both the parabola and the 
ellipse are separately at right angles is: 


(a) av1-—e” (b) J2aV¥1-e? 
(c) 2av1-—e? (d) av2-e? 


2 Pair of tangents are drawn from any point on L =0 to S; =O and S, =0.Then the locus of point 
of intersection of their chord of contact is: 


(a) x =ae (b) Ys 


| 2 
(c) wepice’ (d) x=aey1l-—e? 
e 


3. If the tangent at point Q on S, =O and the line joining the points P to the focus of S$, =0 


intersect at the auxiliary circle of S; =O, then eccentric angle of the point Q (Q lies in first 
quadrant) is: 


2e 
(a) wn (b) won| | 
V1+e7 T—e7 


= /2e | | e | 
(c) tan (d) tan 
[. 1+e* Le 
Comprehension: | (2) | 


An ellipse has major axis of length 4 and minor axis of length 2. It is slipping 


between the coordinate axes in the first quadrant while maintaining contact 
with both x-axis and y-axis. 


1. The locus of the centre of the ellipse is : 
(a) x+y=3 (b) (y-D? =4(x-2) 
(c) x74 y7=5 (d) x+y? =20 
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2. The locus of foci of the ellipse is: 


(a) x7 4+y*%=10 (b) x* + y* -x?,i 
(c) x*7 + y72(x? 4+ y*) =4 (d) x+y? 44+ =16 
x J 


3. When the ordinate of centre of ellipse is 1,a light ray passing through origin and centre of 
ellipse strikes the tangent at vertex of the parabola y* + 4x —10y —15=0. The reflected ray 
cuts y-axis at the point : 


(a) (0,8) (b) (0,10) (c) (0,12) (d) (0,16) 


Comprehension: 2) 


Let (3.0) 5 (2.0), Cc (Z0} be the given points and P be a point satisfying 


max {PA + PB, PB + PC} < 2 


1. All points P are points common to: 


(a) two ellipse (b) two hyperbolas 
(c) acircle and an ellipse (d) acircle and an hyperbola 
2. The locus of P is symmetric about: 
(a) origin (b) the line y=x (c) y-axis (d) x-axis 
3. The area of region of the point P is: 
(a) Ae | (b) ft 
Swa4 3 4 
x 3 n V3 
a ~ x ay el 2a 
(©) E 2) @) E 2) 
C omprehension: (4) 


2 2 
A tangent is drawn at any point P(4cos 90,3 sin 6) on the ellipse oe + = = land 


on it is taken a point Q(a, $) from which pair of tangents QA and QB are drawn 
to the circle x? + y? =12. 


1. The locus of the point of concurrency of chord of contact AB of the circle x* + y” =12 is: 
D 2 2 2 


x a x Jy 

oom =), [5 nee oe | 
@ 9 16 (6) 12 4 

J 2 vy) 2 

x y x Jy 

— al d) —+4+-—s=1 
© i * 46 Os Ss 
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2. The locus of the circumcentre of AQAB if 6 = i is: 
x y 3 x aa 1 
a) —+-=V3 b) —+2=— 
2 4 3 ? 4° 3h /2 
1 
(c) x2 +y?=6 @. 2422 
e oA a 


3. The number of points on the curve given by locus of circumcentre in problem 2 from which 
perpendicular tangents can be drawn to the parabola x? + 4y =0 is: 
(a) 1 (b) 2 
(c) 3 (d) 4 
Comprehension: 2) 


Let an ellipse having major axis and minor axis parallel to x-axis and y-axis 
respectively. Its two foci S and S’ are (2, 1), (4, 1) and a line x+ y=9isa 
tangent to this ellipse at point P. 


1. . won of the ellipse is: 
1 1 
aya = (b)’ = () z (d) & 
X V13 2 
2. Length of major axis is: 
(a) V13 (b) 2V11 (c) 213 (d) 4V3 


SSS 

PSL ES Ces) 
Comprehension-1: 1. (b) 2. (b) 3, (pd) 
Comprehension-2: 1. (©) 2. (d) 3. (bd) 
Comprehension-3: il, @ 2. (d) 3. (b) 
Comprehension-4: 1. (a) 2. (b) 3. (a) 
Comprehension-5: 1. (b) D (@) 
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= EXERCISE (4) ——EEE= 


Match the Columns: 
1. Match the column : 


(a) |A stick of length 10 meter slides on co-ordinate axes, then|(p) J6 
locus of a point dividing this stick reckoning from x-axis in 
the ratio 6 : 4 is a curve whose eccentricity is e, then 9e is 
equal to 


(b) |AA’ is major axis of an ellipse 3x? + 2y* +6x —4y -1=0((q) 207 


and P is variable point on it then greatest value of area of a 
triangle APA’ is 


(c) |Distance between foci of the curve represented by the (r) 128 
equation x =1+4cos0, y=2+3sin0 is 3 
ae (s) 35 


(d) |Tangents are drawn to the ellipse aa + = =1at end points 


of latus rectum. The area of quadrilateral so formed is 


2 2 
2. Match the locus of the middle points of chords of an ellipse ~; + a = 1as given in Column-I to 
a b 
the equations given in Column-II. 


(a) |Which subtend a right angle at a 2 ae 
centre of ellipse (p) xo ey (a | 


(b) |Whose length is constant =2 (q) ( al 
2 
y 1 


(c) |The tangents at the ends of which (1) 
intersect at right angles 


(d) |Which passes through the(a,0) |(s) = Nee \ os] 2 ms] ‘ 
+ — 
2 
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3. Match the column : 


(a) |The radius of circle passing through both the foci of ellipse (p) 2 
a + a =1and having centre at (0,3) is r, then r = 

(b) |If the length of the major axis of an ellipse is 3 times the/(q) 4 
length of its minor axis then eccentricity, e = 

(c) \Let0,,05,03,0, be eccentric angles of four concyclic points |(r) 2V2 
of ellipse ar +605 +03 +0, =k, then k can : 
be equal to 

(s) 6 


4. Match the column : 


z : Infinit 
(a) The number of rational points on the ellipse = - 7a sic (p) nfinite 
b Sp a i 
(b) The number of integral points on the ellipse 7 4 on =i (q) 
(c) Pe (r) 5 


The number of rational points on the ellipse = +y7=1 


2 
0 
The number of integral points on the ellipse = re eal (s) 


FANSWERS) 


1. aos; b>p;c7rqd->r 2. arr; b4s;c>p;d>q 
3. a>q; bor; c—p,q,s 4. a>p;b>qc7op;do>r 
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EXERCISE (5) 


Subjective Problems 


1. An isosceles AABC is inscribed in the circle x* + yi =16, A =(0,4). From points A,B and C 
D 2 


three ordinates are drawn which cut the ellipse — + (5-7! at the points P,Q and R 


respectively such that A and P are on the opposite sides, Q and B are on the same side andC and 
R are on the same side of the major axis. If APQR is right angled at P and 0 is the smallest angle 
of the AABC, then find the value of 16 tan? 6 + 8tan0 +9. 


2. Rectangle ABCD has area 200. An ellipse with area 200 x passes through A and C and has foci at 
B and D. Let perimeter of the rectangle ABCD is P, then = = 
3. Variable pairs of chords at right angles and drawn through any point P (with eccentric angle 


D 
m/4) on the ellipse oa + y” =1,to meet the ellipse at two points say A and B. If the line joining 


A and B passes through a fixed point Q(a, b) such that a? + b has the value equal to die , where 
n 


: : pla : m+n : 
m,n are relatively prime positive integers, find ea where [.] denote greatest integer 


function. 
4. A tangent to the ellipse x* + 4y? =4 meets the ellipse x? +2y? =6 at P and Q. Let angle 


between tangents at P and Q of the ellipse x2 + 2y” =6 is F then k = 


5. An ellipse has foci at (9,20) and (49,55) in the x-y plane and is tangent to x-axis. Let the length 


of its major axis is L, then =] = (where [-] =G.I.F) 


6. Common tangents are drawn to parabola y* = 4x and the ellipse 3x? + 8y* = 48 touching the 
parabola at A and B and ellipse at C and D. If the area of quadrilateral of ABCD is 55VN, then 


N = 
_ a2 _9)2 
7. If the equation of the curve on reflection of the ellipse S ms + Oy = =1 about the line 
6 5) 9) ky te ko < 
x-y-2=O0is 16x“ +9y* +k x -36y + ky =0, then ——— is 


2 2 


8. If a tangent of slope 2 of the ellipse —_ we 
a 


=e =1is normal to the circle x” + y* + 4x+1=0, 
b 


then find the maximum value of ab. 
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10. 


11. 


. A normal is drawn to the ellipse 


Advanced Problems in Coordinate Geometry for IIT-JEE 


2 +7 


+ 
(a*+2a+2)? (a?+1)? 
maximum radius of the circle, centered at the origin and touching the normal, is 5 then find the 
positive value of ‘a’. 


=1 whose centre is at O. If 


2 


2 
A circle concentric to the ellipse — mes a i % 2) passes through foci S,,S,5 and cuts 
vy 


ellipse at point P.If area of APS,S, is 30 sq. units then find me, 


D 2 
Let an ellipse = - = = 1anda parabola x” =2,y intersecting each other above x-axis at P and 


Q . Tangents to ellipse at Pand Q intersect y-axis at R and tangents to parabola at P and Q 
intersect y-axis at S, then the area of quadrilateral PRQS is Mae , then [A] = 


(where [.] denote greatest integer function) 


12. In above problem of - ee hen 2u = 
area of APQS 
TANSWERS| 
I 
| 24 2.| 8 3./ 6 ae 2 5.| 7 6.) 2 Fhe (6) 8.| 4 9.; 2 | 10.| 1 
ee) 67 2m) 3 
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EXERCISE (6) 


1. (A) If x), x2, x3 as wellas y;, ¥2, y3 are in G.P with the same common ratio, then the points 
(%1,91),(%2, ¥2) and (x3, y3): 
(a) lie on a straight line (b) lie on an ellipse 
(c) lie ona circle (d) are vertices of a triangle 


(B) On the ellipse, 4x” + 9y? =1, the points at which the tangents are parallel to the line 


2 1 iI 2; 1 2 1 
(a) (2.5 (6) (-2.] () (-2.-2] (d) (2.-2) 


(C) Consider the family of circles, x? + y? =r*,2<r<5. If in the first quadrant, the common 
tangent to a circle of the family and the ellipse 4x” + 25y* = 100 meets the co-ordinate 

axes at A and B, then find the equation of the locus of the mid-point of AB.[IIT-JEE 1999] 

2. Find the equation of the largest circle with centre (1,0) that can be inscribed in the ellipse 
x? +4y? =16. [REE 1999] 


3. Let ABC be an equilateral triangle inscribed in the circle x* + y? =a”. Suppose perpendiculars 
2 2 

from A, B,C to the major axis of the ellipse, ~ + x = 1,(a> b) meet the ellipse respectively at 

a b 


P,Q,R so that P,Q,R lie on the same side of the major axis as A, B,C respectively. Prove that 


the normals to the ellipse drawn at the points P,Q and R are concurrent. [IIT-JEE 2000] 
4. Let C, and Cy be two circles with C4 lying inside C,. A circle C lying inside C, touches C, 
internally andC , externally. Identify the locus of the centre of C. [IIT-JEE 2001] 


D 2 
5. Find the condition so that the line px + qy =r intersects the ellipse <a x = 1in points whose 
a b 


eccentric angles differ by . : [REE 2001] 


6. Prove that, in an ellipse, the perpendicular from a focus upon any tangent and the line joining 
the centre of the ellipse to the point of contact meet on the corresponding directrix. 


[IIT-JEE 2002] 
7. (A) The area of the quadrilateral formed by the tangents at the ends of the latus rectum of the 


2 2 
ellipse Sa? at 
9 5 


(a) 93 sq. units  (b) B73 sq. units (c) 27 sq. units (d) none of these 
(B) The value of 0 for which the sum of intercept on the axis by the tangent at the point 


2 
(33 cos 0,sin8),0 <0< 7/2 on the ellipse + y? = 1is least, is: 


[IIT-JEE (Screening) 2003] 
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T T T T 
a) — b) — ec) — ch) = 
(a) 6 (b) 4 (c) 5 (d) 5 
8. The locus of the middle point of the intercept of the tangents drawn from an external point to 
the ellipse x mee y 2 ~2, between the coordinates axes, is: [IIT-JEE (Screening) 2004] 
(a) l,i, (b) | ee, (c) 1,1, a +18 
x? ay 4x? ay" png 4y? 247 as 
2 2 
9. (A) The minimum area of triangle formed by the tangent to the ellipse ~~ - ae =1 and 
a b 
coordinate axes is: [IIT-JEE (Screening) 2005] 
2 
(a) absq. units (b) 2 sq. units 
2 2 2 
(c) Cab) sq. units (d) ere sq. units 
(B) Find the equation of common tangent in 1°‘ quadrant to the circle x? + y* =16 and the 


2 2 


ellipse - + = =1. Also find the length of the intercept of the tangent between the 


coordinate axes. [IIT-JEE (Mains) 2005] 
10. The line passing through the extremity A of the major axis and extremity B of the minor axis of 
the ellipse x* + 9y =9 meets its auxiliary circle at the point M. Then the area of the triangle 


with vertices at A,M and the origin O is: [IIT-JEE 2009] 


31 29 All 27 

a) — b) — o) —— de 

2 10 - 10 = 10 > 10 
11. The normal at the point P on the ellipse x” + 4y” =16 meets the x-axis at Q. If M is the 


mid-point of the line segment PQ, then the locus of M intersects the latus rectums of the given 
ellipse at the points: [IIT-JEE 2009] 


@ {2 35 2) tw (22 35 ai) (c) [428,45] (d) [:208, 248) 


Paragraph for questions 12 to 14 


2 2 
Tangents are drawn from the point P(3, 4) to the ellipse = + = = 1 touching 


the ellipse at points A and B. [IIT-JEE 2010] 
12. The coordinates of A and B are: 
(a) (3,0) and (0,2) (b) -8, . ea na{-2.8] 
8 2/161 9 8 
=, d(0,2 d) (3,0) and| —2,— 
[2 224) and (0,2) © oval 22 
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13. 


14. 


15. 


16. 


17. 


1. (A) a; (B) b, d; (C) 25y? + 4x7 =4x7y? 2. y= 


The orthocentre of the triangle PAB is: 


8 7 25 11 8 8 7 
@ [55] © (53) [33] Las) 


The equation of the locus of the point whose distances from the point P and the line AB are 
equal, is: 

(a) 9x? + y* -6xy -54x -62y +241=0 (b) x7 +9y? + 6xy -54x + 62y —241=0 
(c) 9x2 +9y? -6xy -54x-62y-241=0 (d) x7 + y?-2xy+27x+31ly —120=0 


2 2 
The ellipse E,: = + - =1 is inscribed in a rectangle R whose sides are parallel to the 


coordinate axes. Another ellipse E , passing through the point (0, 4) circumscribes the rectangle 


R.The eccentricity of the ellipse E 9 is: [IIT-JEE 2012] 
V2 V3 1 3 
a) — b) — C)= d) — 
(a) 5 (b) 5 (c) 5 (d) a 
x2 y? 
The equation of the circle passing through the foci of the ellipse wo + rs = 1,and having centre 
at (0,3) is: [IIT-JEE (Mains) 2013] 
(a) x? + y7-6y+5=0 (b) x? +y?-6y-7=0 
(c) x? + y* -6y+7=0 (d) x7 + y* -6y-5=0 


2 2 
A vertical line passing through the point (h, 0) intersects the ellipse Za + 7 = lat the points P 


and Q.Let the tangents to the ellipse at P and Q meet at the point R. If A(h) =area of the triangle 
PQR,A, = max A(h)andA,= max A(h), then © A, -8A,= 
1/2<h<l 1/2<h<l 


5 


[IIT-JEE (Advance) 2013] 


11 


4. Locus is an ellipse with foci as the centres of the circles C, and C5. 


cong + b7q? =r? sec? = =(4-2,V2)r? 7. (A)c;(B)a; 8. c 
14 

9. (A) a; (B) AB =—— 10. d 11. ¢ 12. d 
ey 

13. ¢ 14. a 15. ¢ 16. b 


17. 
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SOLUTIONS (1) 


Oniy One Choice is Correct: 
1. (d) 0 < f(4a) < f(a? —5) 


=> 4a>a*-5 
=> (a-5)(a+1)<0 


=> ae(-1,5) 
2 - 2 
2. (a) 2 cos Q | sin 0 -1 
a” b? 


(rcos@, rsino) | 
MT ax 


wae 


262r)? =(2a) + (2b)? 


=> 2r7 =a7 +b? 
2 - 2 
= co? 82)( 9 | sin *) =a 
a” b? 


2) 2 
b mo . 
=> By cos 8 sin’ 0 
a b 


=1=sin? 6 +cos* 0 


x* =a(a— y)— Parabola 


4.(c) b'=a,a’e=b 


b2 
e fie e7) =(1-e7)? 
2 
a 
1—e7 =te 
@ +e-1=0 
or e? -e-1=0 
145 
e, 
2 
14V5 
or 
2 
ah 
=> e 
2 


5. (ce) For area to become maximum altitude 


should be maximum 
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=> x*4y?7-2x-2y=23=0 
8. (c) (PM)2=a? cos? 6(1-e7)? +b? sin? 0 
=b*(1-e7 cos” 0) 


ae) 
(PN)? =a? cos* 0+ an Pep? + Geo 


aa 

= —_(1—e7 cos? 6) 
b2 

=> P(O3) or P(0,-3) 


- 


P (acos6, b sin@) 


(APAB) max = 5x8 x3 =12 


6. (b) Equation of normal to ellipse at P is 
4x Y__3 
2/V3  2/V3 


(ae? cos®, 0) 


PM)" _b* _4 
PN a* 9 
2 
= P a2 =1-¢? 
a 3 
Me 
V3 
9. (b) a? +a? =(2ae)? 
= slope of normal to ellipse at 2 1 1 
— e“ =— > e@=— 
P =m, =2V2 
Slope of normal to circle at 
v2 4 ; 
3 
P=m = 
© 2 4 2 
3 
1 
22 - 
tan = v2 _ 3 : 


7. (c¢) Locus is director circle given by 
(x=-1* 4(y-D* =16 49 


2 
10.(b) 1% +1? =(AC)? -(2 a’ + b | 
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mr | 
a ie 11 


—> x2+y2=a2+b2 =7+ 
& 2 


17 =14411=25 
=> 1=5 
11. (b) b* =a7(1-e7) 
25 = 49(1-e7) 


_2v6 
j 


é 


| 


12. (b) Shortest distance is along common 


= 


normal 


| 


Equation of normal at P is 
J6xsec 6 — ./3 ycosec 0=3 


slope = V2 tan0 =1 


= tan0= 
#42 -1is 
> Pp [622.8 4) (2,1) 


13. (b) Let - + 2 =c is normal to ellipse at 


(acos0, bsin®@) Equation of normal to 
ellipse at (acos0, bsin 6) is 


ax sec 0 — by cosec 0 = a? =p a1) 
ax by 
x wa (2 
3. 4 oe 
(1) and (2) are identical 

a? — fe 


=> 3sec 0 =-—4cosec 0 = 


=> cosd= ,sin 8 = 


ae bs a 


( 3c y ( 4c ) 
— + =. 
a =b* a 


=> a*—b*=5c 
14. (b) (SP) (S'P) =a(1—ecos0)a(1+ ecos 0) 
=a* —a7e* cos” 0 


=25-9cos* 0 


max = 25 —9(0) =25 
min =25 —9(1) =16 


max —min =25 -—16 =9 


15. (a) 


Ellipse 


eas 
2 


1 
= b+6 
a + 6) 


__ 6b _, 
a+b+6 
=> 5b=a+6 ...(2) 
From eqn. (1) and (2) 
fp — 6)? =b* 436 


=> 24b* —60b=0 
= he2 
2 

(pa 

2 9 


i 


(AB) (CD) =(2a)(2b) = 4 x A x 5 =65 


x2 2 
16. (d) “+ “4 = 
Equation of director circle is 
x? ey =8 wil) 
JZ , 1) satisfy the equation (1) 


= Angle between tangents is . 


Let any tangent to the ellipse is 
y=mx+t Va2m? +b2 
passing through (/7, 1) 
(1-7 m)? =5m7 43 
=> Hie = 7m —1=0 


which is 


Ifm,,my are 
roots > mm, =-1 

= two tangents are perpendicular to 
each other. 


17. (b) Equation of 


x2 y? 


Gah pF 


tangent to 


y=mx+y(a2 ei op ...(1) 


2 2 
; x 
(1) is also tangent to =" y 


=1 
a a> bo 


=> (a* +b2)m? +b? =a2m2 + (a? +b?) 
= a 
b 


Equation of common tangents are 
by =ax+a2(a? 4b?) 4 b* 
18. (c) 2h =ae* cos0 


= —a*e* sin 


2k 


2) b 
= 2+ . a7) 
2 2b 
204 


ae 


=> b?=a7(1-(e)*) 
=> e=e 


19. (a) (x +2)? -a(y+2| 
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=> Length of latus rectum of parabola, 


(x-3)? | (y +2)? _ 
49 (49/4) 
Lengths of latus rectum of ellipse, 
ap (2) 
Lo = = 


a 7 


=7/2 


7 
\dy -La|=I3-51=¥2 


20. (b) Equation of tangent at P is 


ew 
Pa APIS 


x 
= = 
2 2 1 1 oer, 2 
For (1) to be tangent to ~-+2—=1 [ez 2 Va? +b 
4p 2a 2b 
ab(a? —b?) 
2 = i 2 — — => 
P(t2, 2t)( t = 2) | iy 2 (a 2 


22. (c) Equation of tangent at P is 
xcos 0 4 ysinO — 
a b 


il (1) 


Ps 
> @*-a(3] +b? 


+> b*=3 =>b=1V9 


Equation of tangent at Q is 


—2y=x+4 => 2y+x+4=0 Equation of tangent at Q is 
21. (a) Equation of normal at P, xcos@ + ysing _ il ai(2) 
ax 2 — by /2 =a? —b? “ . 
: (D - (2) 
_p2 
SS ee, 
=> sin@} —-— |= 

12a ee") ae 

Equation of tangent at P is => y=0 


Point of intersection lie on line y =0 
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23. (c) PF, + PF, =2a 25. (a) Equation of tangent at (—8,3) is 


™ 


| P (0,0) 


=> 3/24+4,/2 =2a [Here P =(0,0)] 


=> 7/2 =2a 
2ae=77 +17 =5V2 
oa ov2 _5 
7/2 7 
24. (a) Put (rcos0, rsin@) to the equation of = y _25 
ellipse 3 


2 2 
fie Q | sin a1 


a b* 
2 a) Sh\? (5k)* 
Ee 1 | 1 _| cos 9 sin” @ cas)? -([ 5) +(#) = (20)? 
 # a? b? 
2 2 
ae see 
 cos*(0.+*) sin*(0+)| - eo a 
+ 
a? b? ae 
144 64 
_aaeer 25 64 =144(1-e7) 
2 — 
a* b* 16 9 144 ‘ 4.5 Ai 
=> esl = => es 


9 9 3 
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27. (a) Area of Equation of ellipse is 
2 9 
AOPQ =* aesyey(baine) (x +2) fi Ca) =a 
~ 9 25 
= Psin20 <> 29. (a) 2h =a(cos0 —sin 0) 


2k = Db(cos0 + sin 0) 


(—a cos®, b sin@)P Q(a cos6, b sin0) 


(-a sin0, b cos@) Q P(a cos®, b sin@) 


“= 


Probability = 2 = 


{x +2) gga)" _ 
ae Be 

be =4 =5e 

=> a* =5% -(5e)? =25-16=9 


28 (d) 1 


=> b*=a7e* 


= a (1-e7) -a*e* 


> e=— 
J2 
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aes = SSF SOLUTIONS (2) _ YS 


4a? 
One or More than One is/are Correct tee bade s 


1. (a, b, d) Put (a —rcos@,2 —rsin@) to equation 


(S182) =(S,P)? + (Sr xy =0 
P (a, 2) 


(2ae) = a - ecos0) +(1+ ecos0) 7] 
A (a-r cos, 2-r sin0) 


PiaicosOypsinOym| j= j=  #§ |x.) alae 


2e* =1+e7 cos” (1) ff . 
. ¥ > =>2a+r~* sin@cos0 —(asin® + 2cos8)r =0 
b* =a“(1-e*) L 
a 
=> (PB)(PC) =——— 
> 1=2(1-e7) => e? = PC) sin 8cos@ 
e PA-PD =PB-PC 
..From eqn. (1), we have ie 4a2 5 oe 
cos8=0 => a2, 4cos?76+9sin29@ sin@.cos0 
2.2 _ 4cot0+9tand 
Area of = 2 
SPS .Q =Wep) (SP) =a” =2 => |al>/4x9 =6 
[> S,P =S,P 3 => ae(-»,-6]U[6,0) 
2. (b, c, d) 3. (a, b) 
Put (a—rcos0, 2—rsin@) to eqn. of 
‘ 2 
ellipse. z 
a? +r? cos? @ —2arcos0 
= 
9 
Qe 2 . 
aug sin* 0 —- 4rsin0@ 1=0 
4 
az | 
= (PA)(PD) = ? Tangents at extremities of L.R. are 
cos? sin?0 xe y 
7 ae el 
9 4 


a a 


242 


or 


or 
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xe+(y -—a)=0 
xe-(y +a) =0 


Fixed points are(0,a) or (0,-a) 


4. (a, d) 


Equation of tangent is 
V11y sin@ 7 
16 
4cos0x + V11sin0 y =16 which 
touches the circle (x — 1)? + y? =16 
|4cos 0 — 16} 
16 cos? 6 + 11sin2 6 
(cos@ — 4)” =16cos? + 11sin? 0 
=cos? 6 —8cos0 +16 
4cos* 0+ 8cos0—5=0 
=4cos* 6 —2cos0 + 10cos0 —5 


x cos® + il 
4 


=4 


=> (2cos0+5)(2cos0@—-1) =0 
=> cose 
) 
5. (a, b, d) 


ZSQP = ZS'QP = = 


S',Q,S are collinear 
T is radical centre of C,C, and Cy. 


Equation of circle C, 


Cy:(x —acos8)(x + ae) + (y — bsin6)y =0 


C:x? ey a -a*=0 


Equation of tangent to C, and C is 


a(cos 0 — e)x + bsin 6y + a*(ecos@—1) =0 


Put x =acos0@ 
a*(cos? 0 — ecos0) + bsin Oy 


+a7(ecos0 —1)=0 


=> 


=> 


Uy 


U 


bsin @y =a? sin? 0 


2 
a”. 
= — sin0 
7 i, 


a2 
y= pcos 0,—— sim 


Equation of chord of contact of T w.rt. 


x? 4+ y* =a? 


xcosd+y_ sind =a 


xcos 0 : ysin0d 
a b 

equation of tangent to ellipse at P. 

SA and S'B both are | to AB 

S'B||SA 

d) 

Equation of tangent is 

y =mx +J16m7 +9 

Put (2,3) 

(3 —2m)* =16m? +8 

12m* +12m =0 

m=0,-1 


=1 which is same as 


Ellipse 


(2,3) 


| 


Tangents are y =3, y-3 =-1(x -2) 
y=3 and y+x=5 


7. (a, b, d) 
[x-2y+1) [2xy+2) 
5 ) » bl 
(5/4) (5/9) 
b* =d7*(=e)- 
Sf 2 
— gage) 
=> @&/-% 
3 


Intersection of major axis which is 
2x + y+2=0 and minor axis which is 
x -2y +1=0 is (-1,0) 
=> centre =(-1,0) 

Length of major axis =2a =/5 

8. (a, b, c, d) 
P =(V6 cos 9, V2 sin0) 
6 cos”? 0 + 2sin? 6 =4 


=> 4cos*6=2 


> cosQ@=+ 


Hence, 0 = 


9. (b, c, d) 
(x+D* , wise) 7 
9 5 


10. (a, 


11. (a, 


centre =(-1,2) 


5 ne ee 
3 
: 2 
Foci =(-1+3( 3], 2+0) 
2 
and ca-a(2), 2+0) 


Foci =(1,2) and (-3,2) 


2 
Length of L.R. = 20" -2 (2) 


a 3 
Length of L.R.= x 
c) 
2 2 
x4 is P 4 =1 
16 «64 
Equation of tangent at P(@) is 
xcos 0 % ysin0 “1 
4 2 
tangent passes through (4, 2) 
cos§+sin@=1 


sin{ 0+ 2 |= 
4) V2 
0+ fat 
4 4 4 
6=0,~ 
2 
d) 
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Equation of major axis is y=x+1 


Equation of minor axis isx+ y=5 


ae = (4-3)? +(3 28)? 
=/2 => a=2/2 


b* =a 


a*e* =8 -2=6> b=V6 
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| Equation of locus of incentre is 
2 2 
are us =1 
(ae)* ( be 
l+e 
2,2 
oy, i nee =a7e7(1-e’)” 
(1+)? 


io Gae*(a—e7) _ 


2,2 n2 
Equation of ellipse is ze “+82 =a“e"(1—-e') 
2 2 
[=*2=5) (z=) gay dze__2e 
V2 v_ v2 ai l+e l+e 
2 y) 
(2V2) (6) gn 
Also its equation is l+e 
W(x -3)? +(y- 4)? 13. (a, b, c) 
ite 2 
+(x - 1)? ey —2)2 =2(2/2) , 2 a 
12. (a, c) cos{ 72 - 
a7e(1+ ecos@) —a7e(1—ecos6) 2 
~~ +2aecos0 2sin{ 7] 
2a +2ae ae 2 (2) 


ae ay 4 


P(acos®0,bsin6@) 


= h=aecos0 
A 2aebsin® _ ebsin® 


2a+2ae (1+e) 


h2 k2 => 


eee 
a =i 7 2( 91 —92 
(ae)* ( be = 5 


l+e 
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Bcos( 24 S122) Tangent at (x1, 1) is 42x, +9yy, =1 
Also -A = => 2) 
m 92-9, 9 -8 5 
cos in a y ie : 
or Seg os 
3 sin 8) +82 
0, -0 i) 's 575 5 5 
sin( 921) 
2 15. (b, ce) 


Dividing (2) by (3) we get, 
(° > "1 3k 
tan = 


> ok 

2 2 = 

VY ge gece, 

9 84 2 

he. ke 9 k? 

+ =1+ 

9 4 4 4? 

2 2 

= _ =1 

9 4 ru Lengths of latus rectum of parabola 

i? 9 = 40 <3 
14. (b, d) dg 
= 
Equation of tangents are 2 
8 1 ( sy . 1 Equation of parabolas are 
1 3 
9° Valo) “9 248(y-(-3-2]}- 2 
5 A 2 
m V3 2 
9y=8x+45, 9y=8x-5 a 28[ y. ' 3) . 
(0, 1/3) | 2V3y +(1+V73)Vv3ex? 


or -2V/3y -(1- 73) v3 x? 
x -2V3y =V3 +3 


(1/2, 0) 
or x? +2y3y=3 - 
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SOLUTIONS (3) 


Comprehension: a) 
1. (b) L=x =-ae 


x? Ey? =a" + b? =a*4¥a7(1-e7) 


where x =—ae 


=> ae? a ia =a? + a (1se") 


ye - 2a7(1 - e7) 


y =V2av1-e? 


2. (b) Chord of contacts of any point (—ae,A) 


=> 


=> 


w.xt. ellipse and parabola respectively 
are 


xe yr 


+ — 
a a7(1=e7) 


yr -ae(1 e*)x =a “al e7) (1) 
and yA —2ae(x — ae) =0 
yh —2aex =-2a*e (2) 
By eqns. (1) - (2) 
=ae(1+ e*) x =-a7 (dee) 

a 


x=— 
e 


3. (b) .. Foot of perpendicular from focus of 


ellipse to any tangent to it lies on 
auxiliary circle 


=> FPL tangent atQ 
2a-O asin®O a 


tan 0 


a bcosO b 
——ae 
e 


b 2e 

=> tand=— 
a ie 
_a(v1-e?)2e 

a(1—e) 
=> oan Ee 
l= 
C omprehension: (2) 


1. (ce) Origin lies on director circle of ellipse 


=> (0-h)*+(0-k? =a +b? 
=27417=5 


Ellipse 
=> x7?4+y7=5 


Vins r =i 


1 #1 
F, =(X1,91), Fo (2.4 
x 
= F; =(h, k), i) -(7.7) 


Tw 1 aa : 
(a +(k-3] =(2ae) 


=(2/3)? =12 
1 
(x? ya[is a | 


3. (b) x7 +17 =5>x=2 


y 1 ii1 
=—=->y=5 

10 x 2 cs 

Q =(0, 10) 


Comprehension: (3) 


1. (a), 2.(d), 3. (b) 
PA+PB<2 and PB+PC<2 
PA+PB<2 


Region inside ellipse with foci A and B 


2a=2,a=1 
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ae 
2 2 
b? =a? a2e? =1-- 
4 4 
Equation of ellipse is 
je - 1)" baa 1 
1 3/4 


PB+PC<2=>P lies inside ellipse 
with foci B andC 
_ oh 2 2 
(x=2)" 
3/4 
Locus of P is shown by shaded region 
which is symmetric about x-axis. 


Whose equation is =1 


Area of region 


3/2 4/3 5 
al 5 V1 (2-2)? de 
{2-3 | 
3 4 
Comprehension: (4) 


1. (a) Equation of chord of contact AB is 
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Equation of tangent to ellipse at P is 2 
on et eee ee 3. (a) Lar tangents are drawn to y = — 
xcos0 e ysin0d “1 
4 3 It means points lie on directrix of 
(a, B) lies on it parabolai.e., y=1 
=> 3acos0+ 4BsinO =12 ...(2) 
(0,1) y=1 
From eqn. (1) and (2) 
lines ox+fy =12 are concurrent at 
points (3 cos 8, 4 sin 0) 
Locus of points of concurrency is 
2 2 Ol=1) \4y = —2 
x y 


—+-—=l 
9 16 | 


2. (b) Equation of tangent to ellipse at Points required are the points of 


ft : 4 is, intersection of lines 
2 v2 
oe X MB andy =1 


4-3 2 


No. of points required = 1. 


C omprehension: (5) 
1.(b), 2 (c) 


at y 
ee ees | 
AJd 3x2, 
(a, B) lies on it 
=> 3a +46 =12V/2 Ga 


b* =12 iQ) 


b* =a? —a*e? =f —1 


From figure it is clear that OQ is 


diameter of ci ircle of AQAB 
iameter of circumcircle of AQ = a” Ae 
= Ai=C,  Ak=( 


.Length of major axis =2a =2V13 =V/52 
From (1) we get 
ae=1 (from ...(1) 
3(2h) + 4(2k) = 12/2 
The required. locus is 3x + 4y =6V2 
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SOLUTIONS (4) 


v 2 _ 2 
Match the Columns: (c) ae + = aij 


aze* -a* —b* =16-9=7 
=> Que =2/7 
. Gian 5 2 2 
(a) e (5) =(10) i alge 
me 
2 3 Ya5t 7 
16e* =16-7 =9 


laos; bop; c>q dor 


2 2) 
. 3 + -— - =1 
(4) (6) 
=> 16 =36(1-e7) 


e? =2 => 9e=3V5 


’ 


Extremities of LR -(4 3,4 7) 


2 2 
Ge 1 =) 7 


(b) 5 ; 


1 


Equation of tangent to ellipse at point 
x+1=x, y “Hay ( 2) 
(AAPA’) max -5* 2 x 2/3 =V6 
oy 4 
16 4 
=> 3x+4y=16 


> A=(0,4,B=(-2 9), 


C=(0,-4),D -(= 0| 


Area of rhombus 

1 32 128 
= x x 

2 3 3 


ABCD 
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2.a>r; bos; c>p; dq 
Let (h,k) be the midpoint of chord, 
then equation of 
xh yk hh? k? 
+2 —=—_ + 


chord is 


(a) Homogeniring we get equation of pair 
OA and OB 


Pair of lines OA and OB are 
perpendicular 

=> Coefficient of x? + Coefficient of 
ya 

2 

h2 ke { 1 =| ae 

> + + zt = 
Gey b? “a a a’ 5° 
Locus is 


(b) Put (h+rcos6, k+rsin®) to equation 
of ellipse 


h? +r* cos? 6 + (2hcos6)r 


a2 


: k? +r? sin? 6 + (2ksin6)r _ 
b2 


1 


S rf 
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cos? 0 =) Pas ae) 
+ “ a r 


a” b ao b? 
h? k? 
+ —+—-1]=02 
E b2 ~-!l 
2hcos0 2ksin@ 
+ =0 
og b? 
2 
=> eae =! 2 
a*k 
2 2 
2 b2 
and =l-) 
cos7@  sin70 
+ 
de b? 


(c 


—_ 


B (h+cos8, k +sin@) 


is the required locus. 

Equation of AB is 

xh yk h2 ke 
+= + 

a? bP oa? bF 

Also AB is chord of contact of (x, ,y1) 

w.r.t. ellipse 


(1) 


Equation of AB is 


Skit 
2 b2 


(2) 


a 


Ellipse 


(1) and (2) are identical 
XY 1 


h k h2 k2 

zy 

(x,,¥,) lies on director circle 
x? + y? =a? +b? of ellipse 


the required locus. 
(d) Put (2h —a, 2k) to equation of ellipse 
(2h (2k)? | 
2 ‘ b2 


(2h — a, 2k) | 


1 


a 


+ =a is the required 


locus. 
3.a>q; bor; cp, qs 
(a)  9=16(1-e”) 
Aer 7 
r=/9+7 =4 


251 
(b) 2a=3(2b) 


=> a? =9 gees) 
fs 2/2 
=> er =— > es* 
9 3 


(c) Let four points lie on _ circle 
x74 y*+42gx+2fy+c=0 


Put (acos0, bsin®) to equation of 
circle 


a” cos? 0 + b” sin? 6 + 2gacos0 


+2 fbsin® + c=0 


Let t =tan ; , then 


2\2 2 2 
af fA eg tt) 


1+t7 fist7) (l+¢*) 
t 

+ ajo +c=0 
ie a 


a? (Meee 2t7) + Mt? + 2ga(1-t*) 
+4 fo(t +t) +c(1+t* +2t7) =0 
(a+c ~2ga)t* + 4bft? +Wetb? + 2c—2a)t? 
+4 fbt + (a* +2ga+c) =0 


0 = 
ae 1 +05+034+04 Mm 51-53 
2 l-Sy +54 


=> 0, +05+03 +0, =2nr,nel 
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252 
4.a>p; b>q;c>p; dr ¥14+3k2 
If ai —))\ KEQ 
(a) de 
0 1 
= 2 4tan — 2 _ k2 ae 
P(8cos0, 2 sin) = aoee i. 2 2 3 
2 2 
a aes 1 
(21am ;) [1+tan a} 0.-NO+H=— 
0 Which can be expressed as product of 
tan — can take infinite rational values two rationals in infinite ways 
(b) P(+3,0), (0,+ 2) say for example 4 — k = = 
(c) P(v3 cos8, sin 6) F 
A+k=— 
a. =e Q 3 
3 
> KS ua ‘ k= i 
12 12 


. P| 43 V3 k | 
V1+3k2 143k? 
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SOLUTIONS (5) 


Subjective Problems 2. (8) (AB) (AD) = 200 


AB + AD =2a 
1. (24) Q=(-4cos$, 3sin 9), BD? = AB* + AD? =(2ae)? 
R =(+4cos$, 3sin$) (0,4) (AB + AD)2 = AB2 + AD2 +2(AB)(AD) 
PQ PR 


3(sing + 1) 3(sind + 1) _ 7 
4coso —4coso 


=> 25sin* + 18sind-—7 =0 


: 7 . ; 
sind =— (sind=—1 rejected 
b Be (sin > j ) 


4a? =4a7e? + 400 


=> 
| > b=10 
(-4cos0, 4sin@) B C (4cos6, 4sin6) => a*(1-e*)=b? =100 
: => a=20 
P =2(AB + AD) =4a =80 
= 28 
10 
3. (6) Let X =x v2, Y y : 
J2 
b 24 24 1 = Equation of ellipse becomes 
tan — = 1-34) 1+—]|=—= 2 
2 25 25 7 3¢ 2 
—-+y"=1 
1(a ‘i 
> p= casc=2(5-9| x2 x 
= 2 +y747+/2¥A=0 
ry 1 4 V2 
l-tan— 1-— 3 J 
tan 0 = 2 us (X +4277 1 
o 1 4 —————— +] Y +—=] =] 
l+tan— 1+ = 4 Jia 
) yi 
2 xe S 1 
=> l6tan“0+8tan0+9 >= yy get ee 
2 


9 3 
ia 4 wi Let equation of AB be aX + bY =1 


Homogeniring, we get 
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> 


2 
=“ +Y? + r2y |exr+0n-0 


R 
** APLAB=> coeff. of 
X? + coeff.of Y? =0 Pp 
y ae, Q 


a 5 
= V2 * V2b 4 =0 & (2cos0, sind) 
pet _g-4Y2 4-0 be ves 
5V2 axe re We = 4 
= AB passes through fixed point | oe 
A p{2eos E sin z) -* Eq. (1) and (2) are identical 
ae: hs _ ks _, 
cos® sind — 


> h? +k? =9=64+3 


= (h,k) lies on director circle of ellipse 
> 9) 2 


x Jy 
. -4,/2¢0nt 4/5. ae 
> = qt ae 6 3 
52° 5 5V2 5 v2 
> k=2 
-( 6 =) 5. (7) 2a=PF, + PF. =PF{ + PF, 
5V2 5/2 D 2 
s. g= » b= 
5V2 5v2 = 
alae b2 36+9 9 m 
50 10 on 


2 
4. (2) Equation of tangent to > +y*=lat 


point (2cos8, sin) is : 
— + ysin0=1 @ pila) 


: 6. (2) Equation of tangent at A is 
Equation of chord of contact of R (h,k) 


2 
=x+t 
x? ye : 
w.rt. — + —=lis 1 
6 3 cS ee 
k 
foe IY 4 


6 3 2) It is tangent to ellipse also 


Ellipse 


=> t*-6t? -16=(t7 -8)(t7 +2) =0 
=> t=+2/2 
A, B =(8,4V2) and (8,-4V2) 
Let D =(h,k) 


A(t2,2t) 


B(t2,-2t) 


Tangent to 
vs =4x at Ais2/2 y-x=8 (1) 
Tangent to ellipse at B is 
3xh + 8ky = 48 ...(2) 
(1) and (2) are identical 
8k  3h_ 48 
a2 ™ 8&8 
3 


a> 


D,, ce 2, and 2, = 


Area of trapezium 


ABCD = =(8v2 43/210 


=6 


> h=-2, 


=55/2 > N=2 
7. (6) Image of (h,k) on ellipse about 


x-y-2=0 is say (h',k') 
hah kak 
1 -1 
2 RRS 2 gag 


14+1 
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> h=k+2,k=h-2 
(h, k) =(k'+2, h'-2) 

(h- 4h (k-3)* _ 
16 9 

2a)" _ @=2 =o)". 

16 9 

16h’? +9k'?-36k'-160h'+292 =0 

Equation of reflection of ellipse is 

16x” +9y* -160x —-36y + 292 =0 

k, +k y 292-160 _ 
a) DD) 

8. (4) Equation of tangent of ellipse at point 


1 


1 


Y 


Y 


6 


(acos 0, bsin 6) is ~* cos + » sin® =il 
a 
It passes through (—2,0) 


=> fekos6=1 
a 


Also its slope =— p cot@ =2 
a 


ae ,tan@ =-— 
a 2a 
2 
4 _1, 
an 4a? 


=> 16=4a7+b?>2(2ab) = ab<4 


9. (2) Equation 
ax sec 0 —By cosec 0 =a? =i? 


(a cosé, 8 sin) | 
(i. 


of normal at P is 


2 _p2 
Ja“ -B*l 


Jo 2 sec? 0+ B ~cosec 20 
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2 2 
_ Ja“ =B "1 10. (1) area of APS, S_ == (PS,)(PS2) =30 
Jo? +p? +0? tan20+f?cot26 
2 2 P 
<__ la" -B" 
jo? +B? +208 
Tmax 40 —B|=a* +2a+2-(a* +1) | 
=2a+1 Stes) (PS.) =60 
5=2a+ 11> a=2 PS; + SoP =2a=17 
(SS_) =PS? + PS? =(17) — 2(60) =169 
°1 5g 
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KEY CONCEPTS | 


The Hyperbola is conic whose eccentricity is greater than unity. (e > 1). 


1. STANDARD EQUATION AND DEFINITIONS 
Standard equation of the hyperbola is 


. ae 
a” an 
Where b* =a7(e* -D i i 
or a*e” =a" +b’, 
2 ‘ ' 
iow ev =1+ N 
a2 ' ' 
(¢ a (-2,0)S' ](-a,0)! C}(0,0)! (a0) \_—_|S(@e.) 
Sa 
T.A. 
' — B'(0,—b) 
Foci: i 
S =(ae,0) x=- K=e 
and S'=(-ae,0). 


Equations of Directrices: 


a 
x=— and x=-—. 
e 


Vertices: 
A=(a,0) and A’ =(-a,0). 
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2. 


3} 


5. 
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2b (GA) 
a T.A 


I (Latus rectum) = = 2a(e* —1). 


Note: J (L.R.) =2e (distance from focus to the corresponding directrix) 
TRANSVERSE AXIS: The line segment A’A of length 2a in which the foci S' and S both lie is called the 
T.A. of the hyperbola. 


CONJUGATE AXIS: The line segment B'B between the two points B' =(0,—b) and B =(0,b) is called 
as the C.A. of the hyperbola. 


The T.A. and the C.A. of the hyperbola are together called the Principal axes of the 
hyperbola. 


FOCAL PROPERTY 


The difference of the focal distances of any point on the hyperbola is constant and equal to 
transverse axis i.e., ||PS|—|PS'||=2a. The distance SS' = focal length. 


CONJUGATE HYPERBOLA 


Two hyperbolas such that transverse and conjugate axes of one hyperbola are respectively the 
conjugate and the transverse axes of the other are called CONJUGATE HYPERBOLAS of each 
other. 


2 2 
x 
€.$.,—> — - =1 
a b 
x? y? 
and —-—_ + e2 = 1 are conjugate hyperbolas of each. 
a 


Note: That:- 
(a) If ¢ and e, are the eccentricities of the hyperbola and its conjugate then e,? +e5” =1. 


(b) The foci of a hyperbola and its conjugate are concyclic and form the vertices of a square. 


(c) Two hyperbolas are said to be similar if they have the same eccentricity. 


. RECTANGULAR OR EQUILATERAL HYPERBOLA 


The particular kind of hyperbola in which the lengths of the transverse and conjugate axis are 
equal is called an EQUILATERAL HYPERBOLA. Note that the eccentricity of the rectangular 
hyperbola is /2 and the length of its latus rectum is equal to its transverse or conjugate axis. 


AUXILIARY CIRCLE 


A circle drawn with centre C and T. A. as a diameter is called the AUXILIARY CIRCLE of the 


hyperbola. Equation of the auxiliary circle is x* + y* =a?. 


Note from the figure that P and Q are called the ‘“CORRESPONDING POINTS” of the hyperbola 
and the auxiliary circle. ‘6’ is called the eccentric angle of the point ‘P’ on the hyperbola. 
(0<0<2n). 
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P(a sec 0, tan 0) 


2 
Note: The equations x =asec®@ and y =btan 0 together represents the hyperbola = = =i. 
a 


where 0 is a parameter. The parametric equations : x =acosho, y =bsinh? also represents the 
same hyperbola. 


General Note: 
Since the fundamental equation to the hyperbola only differs from that to the ellipse in having 
—b? instead of b? it will be found that many propositions for the hyperbola are derived from 
those for the ellipse by simply changing the sign of b”. 


6. POSITION OF A POINT ‘P’ w.r.t. A HYPERBOLA 


2 2 
The quantity —1 — io lis positive, zero or negative according as the point (x, , y, ) lies within, 
q * 3 p 8 8 p 11 
a 


upon or without the curve. 
7. LINE AND AHYPERBOLA 


2 2 
; . : : x 
The straight line y =mx +c is a secant, a tangent or passes outside the hyperbola ae ae =] 
a 


according as : c? >=<a*m? —b?. 
8. TANGENTS AND NORMALS 


Tangents: 
2 


2 
(a) Equation of the tangent to the hyperbola = - S = lat the point (x,, y;)is oPL td 
a b 


Tae ge 

a b 

Note: In general two tangents can be drawn from an external point (x, y,) to the hyperbola and they are 
¥-JY, =m (x-x%) and y-y, =mM(x-x), where m, and my, are roots of the equation 
(x? —a”)m? -2x4, y;m + y? +b” =0. If D<0, then no tangent can be drawn from (x, y,) to the 


hyperbola. 
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9. 
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2 2 
(b) Equation of the tangent to the hyperbola ~~ -~- =1 at the point (asec 0, btan6) is 
a b 


xsecO ytanO © 


a b 
cos 8; -82 sin 0) +8 
Note: Point of intersection of the tangents at 0, and 05 is x =a 2 y=b a 
0, +05 0, +05 
CS ee 


2 2 
(ec) y=mx+Va7m2 —b? can be taken as the tangent to the hyperbola ~~ — a =12 
a b 


Note that there are two parallel tangents having the same slope m. 


(d) Equation of a chord joining a and p 
- 0 Bl si 


a+BP_. sath 


cos n 
a 2 b 2 2 
NORMALS: 
2 2 
(a) The equation of the normal to the hyperbola > - “4 =1 at the point P(x, y,) on it is 
a 
2 b2 
Cg 2 ig eh ae, 
o J1 
x2 y? 
(b) The equation of the normal at the point P (asec 8, btan @) on the hyperbola 2 is 
a b 
_ by =a? +b? =a7e?. 
secO tan@ 


(c) Equation to the chord of contact, polar, chord with a given middle point, pair of tangents 
from an external point is to be interpreted as in ellipse. 


DIRECTOR CIRCLE 


The locus of the intersection of tangents which are at right angles is known as the DIRECTOR 
CIRCLE of the hyperbola. The equation to the director circle is : 

Mn+ y? =@* —p". 
If b* <a” this circle is real; if b? = a” the radius of the circle is zero and it reduces to a point 
circle at the origin. 
In this case the centre is the only point from which the tangents at right angles can be drawn to 
the curve. 
If b? > a, the radius of the circle is imaginary, so that there is no such circle and so no tangents 


at right angle can be drawn to the curve. 


11. 


12. 


13. 


14. 
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PAIR OF TANGENTS 


The equation to the pair of tangents which can be drawn from any point (x,,y,) to the 


hyperbola = - x =1is given by: SS, =T? where: 
a b 


CHORD OF CONTACT 
Equation to the chord of contact of tangents drawn from a point P(x,,y,) to the hyperbola 


2 2 
ee es 
a? Ee 
T =0, where T eel 7h 
ae be 
CHORD WITH A GIVEN MIDDLE POINT 


2 


Equation of the chord of the hyperbola _ - 
a 


2 
_ =1 whose middle point is (x,,y,) is T =S,, 


2 2 
ost 1: pat _ M1 4 
qa be a oF 
DIAMETER 
The locus of the middle of a system of parallel chords with slope 'm' of hyperbola is called its 
diameter. It is a straight line passing through the centre of the hyperbola and has the equation 
D 
-_£ xe 
a“m 


where S; = 


Note: All diameters of the hyperbola pass through its centre. 


HIGHLIGHTS ON TANGENT AND NORMAL 


2 


2 
H-1 Locus of the feet of the perpendicular drawn from focus of the hyperbola = - x =1lupon 
a b 


any tangent is its auxiliary circle i.e., x? + y* =a” and the product of the feet of these 
perpendiculars is b*. (semiC.A.)? 

H-2 The portion of the tangent between the point of contact and the directrix subtends a right 
angle at the corresponding focus. 


H-3 The tangent and normal at any point of a hyperbola bisect the angle between the focal 
radii. This spells the reflection property of the hyperbola as “An incoming light ray’’ aimed 
towards one focus is reflected from the outer surface of the hyperbola towards the other focus. It 
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follows that if an ellipse and a hyperbola have the same foci, they cut at right angles at any of 
their common point. Note that the ellipse 


x? y? : 
—+55=1 and the _ hyperbola Light 
. ; wit lay Tangent 
x? y" 
=l(a>k>b>0)X are 
az —k?2 k2 —b2 


confocal and therefore orthogonal. ee 
H-4 The foci of the hyperbola and the points 
P and Q in which any tangent meets the 


tangents at the vertices are concyclic with PQ | 


as diameter of the circle. 


ASYMPTOTES a | 


Definition: If the length of the perpendicular let fall from a : 
point on a hyperbola to a straight line tends to zero as the By SS G% 
point on the hyperbola moves to infinity along the hyperbola, . 
then the straight line is called asymptote of the hyperbola. 


Equations of asymptote: 


la 
®t and =" =6 ae 
a Db a b fe 
2 2 | 
Pair of asymptotes: a ae 
a> 


Note: (i) A hyperbola and its conjugate have the same asymptote. 
(ii) The equation of the pair of asymptotes differs from the equations of hyperbola. (or conjugate 
hyperbola) by the constant term only. 


(iii) The asymptotes pass through the centre of the hyperbola and are equally inclined to the 
transverse axis of the hyperbola. Hence the bisectors of the angles between the asymptotes are the 
principle axes of the hyperbola. 


(iv) The asymptotes of a hyperbola are the diagonals of the rectangle formed by the lines drawn 
through the extremities of each axis parallel to the other axis. 


(v) A simple method to find the co-ordinates of the centre of the hyperbola expressed as a general 
equation of degree 2 should be remembered as: 


Let f(x, y) =0 represents a hyperbola. 
Find a and on Then the point of intersection of ae =0 and oh =0 gives the centre of the 
ox oy Ox oy 


hyperbola. 
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Remark: 


(@ No tangent to the hyperbola can be drawn from its centre. 


(iw Only one tangent to the hyperbola can be drawn from a point lies on its asymptotes other than 
centre 


(tii) Two tangents can be drawn to the hyperbola from any of its external points which does not lie at 
its asymptotes. 


16. HIGHLIGHTS ON ASYMPTOTES 


17. 


H-1 If from any point on the asymptote a straight line be drawn perpendicular to the transverse 
axis, the product of the segments of this line, intercepted between the point and the curve is 
always equal to the square of the semi conjugate axis. 

H-2 Perpendicular from the foci on either asymptote meet if in the same points as the 


corresponding directrix and the common points of intersection lie on the auxiliary circle. 


2 2 
H-3 The tangent at any point P on a hyperbola - with centre C, meets the 
a 


asymptotes in Q and R and cuts off a A CQR of constant area equal to ab from the asymptotes 
and the portion of the tangent intercepted between the asymptote is bisected at the point of 
contact. This implies that locus of the center of the circle circumscribing the A CQR in case of a 
rectangular hyperbola is the hyperbola itself and for a standard hyperbola the locus would be 
the curve, 4fa*x? = b?y?) =(a? + b*)?. 
2 2 

H-4 If the angle between the asymptotes of a hyperbola > - oi = 1is 20 then e =sec 0. 
a 


RECTANGULAR HYPERBOLA 

Rectangular hyperbola referred to its asymptotes as axis of coordinates. 

(a) Equation is xy = c* with parametric representation x =ct, y =c/t,t eR —{0}. 

(b) Equation of a chord joining the points P(t,) and Q(t,)isx +t t.y =c(t, +t2) with slope 
1 


m=-—_. 
til 


(c) Equation of the tangent at P(x, y,) is ae a _ 2 and at P(t) is one ty =2c. 
t 


xy Yi 


(d) Equation of normal : y — ; —t*(x een 


(e) Chord with a given middle point as (h,k) is kx + hy =2hk. 
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EXERCISE (1) 


Oniy One Choice is Correct: 


1. If f(x) =x? +ax? +Bx+y, where a,$,y are rational numbers and two roots of f(x) =0 are 


eccentricities of a parabola and a rectangular hyperbola, then a +8 + y is equal to : 


(a) -1 (b) 0 
| (d) 2 
2. The number of points on rectangular hyperbola xy =c* from which two tangents drawn to 
2 y) 
ellipse ~~ + x = 1 where 0 < b< a<care Lar to each other is : 
a b 
(a) 0 (b) 1 
(c) 2 (d) Infinite 


2 2 
3. If the tangent at the point P(h, k) on the hyperbola S — of = 1cuts the circle x? + y? =a? at 
a 


the points Q(x,,y,) and R(x.,y.) then a + = is equal to: 


Vt 2 
2) il 
a b 
= di 
(c) 7 (d) i 


4. The values of ‘m’ for which a line with slope m is common tangent to the hyperbola 


2 2 
3 - g =1(a+#b) and parabola " = 4ax can lie in interval: 
b 
(a) (0,1) (b) (-0,-1) U(1,~) +: aa 
(c) (1,0) (d) none of these 


5. Let S; and S, be the foci of a rectangular hyperbola, which has the centre at Q , then for any 
point P on the hyperbola S,P -S»P equals to: 


(a) S,S3 (b) QS? 
(c) QP* (d) 4QP? 
6. If the portion of the asymptote between centre and the tangent at the vertex of hyperbola 
2) 2 
= - = =1in the third quadrant is cut by the line y + A(x + a) =05A being parameter, then: 
a 
(a) AeR* (bl) AER™ 


(c) A€(0,)) (d) [0,0) 
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7. 


10. 


11. 


12. 


13. 


. Let F, ,F, are the foci of the hyperbola an == 


A circle cuts two perpendicular lines so that each intercept has given length. The locus of the 
centre of the circle is a conic whose eccentricity is: 


1 

1 b) — 

(a) (b) 5 
(c) V2 (d) none of these 


2 y? 


=land F3,F, are the foci of its conjugate 


hyperbola. If e;,; and ec are their eccentricities respectively then the statement which holds true 
is: 

(a) Their equations of the asymptotes are different. 

(b) ey >ec 

(c) Area of the quadrilateral formed by their foci is 50 sq. units. 

(d) Their auxillary circles will have the same equation. 


. The parametric equations for the conic section x” —-8x —4y” —16y —4 =O are: 


(a) x=-4+4+2sec0, y=2+tanO 

(b) x=4+2tan0, y=-2+sec0 

(c) x=-4+4+2tan0, y=2+sec0 

(d) x=4+2sec0, y=-2+tand 

The locus of a point in the Argand plane that moves satisfying the equation, 
|2 -1+i|-|z -2 -i|=3is: 

(a) acircle with radius 3 and centre at z =3/2 

(b) an ellipse with its foci at 1—i and 2 +i and major axis =3 

(c) a hyperbola with its foci at 1—i and 2 +i and its transverse axis =3 

(d) none of the above 


If the eccentricity of the hyperbola x” — y* sec? « =5 is V3 times the eccentricity of the ellipse 
x? sec? a + y” =25, then a value of a is : 

(a) 1/6 (b) 7/4 (cle (d) x/2 

The locus of the foot of the perpendicular from the centre of the hyperbola xy =c? ona variable 
tangent is: 

(a) (x? -y*)* =4c7xy (b) (x? + y7)? =2c?xy 

(c) (x? + y7) =4c7xy (d) (x? + y7)? =4c7xy 

Let the major axis of a standard ellipse equals the transverse axis of a standard hyperbola and 


their director circles have radius equal to 2R and R respectively. If e; and ey are the 
eccentricities of the ellipse and hyperbola then the correct relation is: 


(a) 4e? —e3 =6 (b) e? —4e2 =2 
(c) 4ez —ey =6 (d) 2e3 —e2 =4 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 
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A conic passes through the point (2, 4) and is such that the segment of any of its tangents at any 
point contained between the co-ordinate is bisected at the point of tangency. Then the foci of 
the conic are: 


(a) (2V2,0) and (-2/2,0) (b) (2V2,2/2) and (-2V2,-2V2) 
(c) (4,4) and(—4,-4) (d) (4V2,4V/2) and (-4 V2,-4V2) 


: : F , : . T 
Locus of the point of intersection of the tangents at the points with eccentric angles ¢ and ae o 


2 2 
on the hyperbola ~~ af Se 
a 


b2 
(a) x=a (b) y=b 
(c) x=b (d) y=ab 
2 2 
With one focus of the hyperbola — — - = 1as the centre, a circle is drawn which is tangent to 


the hyperbola with no part of the circle being outside the hyperbola. The radius of the circle is: 
(a) less than 2 (b) 2 


(c) S (d) none of these 


2 


2 
AB is double ordinate of the hyperbola — - x =1such that A AOB (where ‘O’ is the origin) is 
a b 


an equilateral triangle, then the eccentricity e of the hyperbola satisfies : 


(a) e>V3 (b) I<e< 
(c) en (d) o> 


2 2 
The asymptote of the hyperbola ~~ - = =1form with any tangent to the hyperbola a triangle 
a b 


whose area is a” tan in magnitude then its eccentricity is : 


(a) seca (b) cosec Ar 
(c) sec? 7 (d) cosec 2A 
Locus of the middle point of the parallel chords with gradient m of the rectangular hyperbola 


xy =c" is: 


(a) y+mx=0 (b) y-mx =0 
(c) my -x=0 (d) my+x=0 
The equation to the chord joining two points (x,,y,) and (x2,y,) on the rectangular 


hyperbola xy =c? is: 


(@) —~_+—*_-1 i) "pa ay 
Xy+tXQ Yi tVo2 X1-X2 Yi -J2 
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() —~_+—*_=1 (d) —*_4_> 
Yi t¥2 Yi-Ya2 Yi -V2 X11 —-X2 
21. Number of common tangent with finite slope to the curves xy =c” and y” = 4axis : 
(a) 0 (b) 1 
(c) 2 (d) 4 
22. If the normal to the rectangular hyperbola xy =c? at the point‘t’ thent °t, has the value equal 
to: 
(a) 1 (byyee 
(c) O (d) none of these 
Eo, 
1 
1.| (a) 2.| (a) 3.| (a) 4.| (b) 5.| (c) 6. | (a) 7.| (c) 8.) (c) | 9.| (d) | 10.| (c) 
11.| (b) | 12.) (d) | 13.) (c) | 14.) (c) | 15.) (b)| 16.) (b)| 17.) (d)) 18.| (a) | 19.| (a) | 20.| (a) 
21.) (b) | 22.) (b) 
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EXERCISE (2) 


One or More than One is/are Correct 


1. The normal at one extremity of latus rectum (in 1st quadrant) of the ellipse 


2 2 
es doe 1, a> b>0O meets the rectangular hyperbola xy =9 at points P and Q, then: 


a* pb? 
(a) IfP (6,2) Q (22-23 ] 


(b) Eccentricity of hyperbola is V2 


(c) IfPis (6.2) => Q is (-% - *) where e is eccentricity of the given ellipse 
e 


(d) If O is origin, then product of slopes of OP and OQ is positive 
2 2 2 
2. The equation(s) to common tangent(s) to the two hyperbola ae =1 
aM —_ i 


is/are: 


(a) y=x+va2 -b? (b) y=x- a? he 
(c) y=-x + Va? —b? (d) y=-x-va? -b? 


3. Straight line Ax + By + D =0 would be tangent to xy =c?, if: 
(a) A>0, B>0 (b) A<0,B<0O 
(c) A>0, B<O (d) A<0,B>0 
4. If the normal to the rectangular hyperbola x” — y? = 4 at a point P meets the coordinates axes 
in Q and R and O is the centre of the hyperbola. Then: 
(a) OP =PQ (b) OP =PR (c) PQ =PR (d) QR =20P 
2 2 


5. For the hyperbola = - x =1the incorrect statement is : 


(a) the acute angle between its asymptotes is 60° 
(b) its eccentricity is 4/3 
(c) length of the latus rectum is 2 


(d) product of the perpendicular distances from any point on the hyperbola on its asymptotes 
is less than the length of its latus rectum. 


6. The tangent to the hyperbola, x? —3y? =3 at the point (/3,0) when associated with two 
asymptotes constitutes : 
(a) scalene triangle (b) an equilateral triangle 


(c) a triangle whose area is V3 sq. units (d) aright isosceles triangle 
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7. 


10. 


42 
. Given ellipse — + 
16 


Which of the following equations in parametric form can represent a hyperbola, where ‘t’ is a 
parameter ? 


(a) x=S[e+ and y=5{e-2 0) =-% .£0 and + %-120 
2 J 2 C a b a b 
() x=el +e% and y=el —e% (d) x* —6=2cost and y? +2.= 4008? = 


3y 


. The differential equation e Pa represents a family of hyperbolas (except when it represents 
LY 


x 


a pair of lines) with eccentricity : 


3 5 2 5 
(a) { (b) (2 (c) ne (d) fe 
2 2 


2 
* ~jand the hyperbola x" _) ae , if the ordinate of one of the points 
144 81 25 


of intersection is produced to cut asymptote at P, then which of the following is true ? 
(a) they have the same foci 


(b) square of the ordinate of point of intersection is oe 


(c) sum of the square of coordinates of P is 16 
(d) P lies on the auxiliary circle formed by ellipse. 


d 
Solutions of the differential equation (1- x”) > + xy =ax where a eR, is: 


(a) aconic which is an ellipse or a hyperbola with principal axes parallel to co-ordinate axes. 
(b) centre of the conic is (0, a) 

(c) length of one of the principal axes is 1. 

(d) length of one of the principal axes is equal to 2. 


2 2 
11. If (asec 0, btan@) and (asec, btand) are the ends of a focal chord of ~ -*- =1, then 
a 
tan u tan # can be equal to : 
2 2 
e-1 l-e l+e e+1 
a b c d 
eacs1 ere: (©) l-e om Vi 
———EE 
ANSWERS, 
aI (b, c, d) 2.| (a, b, c, d) Se (a, b) 4.| (a, b, c, d) 5.| (b, d) 6.| (b,c) 
Wk (a, c, d) 8. (b, d) 9.) (a, b,c, d) | 10.| (a, b, d) 11.) (b,©) 
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(; omprehension: a) 
x2 y2 
Consider an ellipse aE + ral = 1. There is a hyperbola whose one asymptote is 


major axis of given ellipse. If eccentricity of given ellipse and hyperbola are 
reciprocal to each other, both have same centre and both touch each other in 
first and third quadrant. 


Focus of hyperbola is equal to : 
3 3 3. 3 
(a) (2.3) (b) Gad 
2 2" V2 
(c) (3V2,3V2) (d) (3(29*), 3(274)] 
. No. of points in x-y plane from where | tangents can be drawn to hyperbola: 
(a) 0 (b) 1 
(c) infinite (d) none of these 
The equation of common tangent to given ellipse and hyperbola in first quadrant is : 
x EG 
(a) —+y=3 (b) —+y=6 
V2 V2 
(c) x+y V2 =3V2 (d) x+yv2 =6 
C omprehension: (2) 


Consider a hyperbola ‘H’ whose centre is at origin and line x + y = 2 touches 
it at point (1,1). The tangent x + y = 2 intersects the asymptotes of H at point 
A and B such that length of segment AB = 6,2. 


1. Equation of pair of directrices of H is : 


(a) x7 + y?+2xy-1=0 (b) 5x? +5y* +10xy -4=0 
(c) 5x? +5y? +10xy -2=0 (d) 5x2 +5y* +10xy -6=0 


2. Equation of the tangent to H at point (-1.2) on it is: 


(a) 3x+2y=2 (b) 3x+2y=4 
(c) 4x+2y=9 (d) 6x+4y =7 
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3. Equation of H wrt. x — y system referring to transverse axis as x-axis and conjugate axis as 
y-axis respectively is: 


2 2 2 
2 x y 
a) x“ -~—=1 b) —-=—=1 
18 y 2 18 
2 2 2 
x y x 2 
c) —--2 =1 d) —--y*=1 
(c) a 3 (d) rr 
Comprehension: (3) 
x2 y? 
If the normal to the hyperbola —~ --_ = lat any point P(a sec 0, b tan 0) 
b 


meets the transverse and conjugate axes in G and g respectively and if‘ F’ is 
the foot of perpendicular to the normal at P from the centre ‘C’, then: 


1. The value of (PG)? is : 


2 2 
(a) P”(b?cosee”6 +a cot? 6) (b) 77 (bv eosee "8 +a? cot 6) 
a 


2 2 
(c) P’ (b%se0% + a? tan? 0) (d) D(b tan? 0 +a? sec” 6) 
a a 


2. The value of (PF)? is : 


242 242 
(a) 2 ‘ ° eo (b) 2 > ° 2 2 
b* sec“ 0+ a* tan“ 0 b* tan* 0+ a“ sec* 0 
Qh 2 242 
(c) 2 ~~ 2 (d) 2 — 3 
b“cosec“8 + a“ cot~ 0 b* cot“ 0+ a“cosec “0 
3. The value of | PF || PG| is equal to: 
(a) b*(sec? 6 + tan? 6) (b) a? 
(c) b? (d) b*sec*6+a?7 tan? 6 
Comprehension: Gd) 


2 2 
The circle x? + y” —8x = 0 and hyperbola = - = = 1intersect at the points 
A and B. 
1. Equation of a common tangent with positive slope to the circle as well as to the hyperbola is: 


(a) 2x-./5y -20=0 (b) 2x-V5+4=0 
(c) 3x-4y+8=0 (d) 4x-3y+4=0 
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2. Equation of the circle with AB as its diameter is: 


(a) x7 +y*-12x+24=0 (b) 
(c) x7 + y7+4+24x-12=0 (d) 
Comprehension: 5) 


x7 4+ y*+412x+24=0 
x? + y27@24x -12 =0 


If P,,P,,P,; are three points on the hyperbola xy =c” with abscissa 


xy 
1. Area 


(a) 


(c) 


2. Area 
(a) 


(b) 


(c) 


(d) 


,» Xz, Xgz then: 


of triangle P,P,P3 is: 


c (x1 —Xq) (X_ -—X3) (X3 -X,) (b) 
2 X4XoX3 

e2 

aa + X9)(X_ —X3)(X3 —Xy)xX1X2X3] (d) 


of triangle formed by tangents at P, , Ps, P3: 
2c*(x5 Aamir — x) (x1 - x2) 


2 (X2 —xX3)(x3 — X71) (x4 —X9) 
(X59 + X3)(%3 +X) (1 + Xo) 


2, 


22 (x1 — Xg)(X2q — x3) (%3 - x4) 
X{XoX3 


27 (xFemx 3) (x1 —X9)(X_ -X3)(X3 -x1) 


c? (x, pee, x) (xo + x 


2 X4X9X3 


2 
c 
rua ky (x1 +X2+X3) 


Comprehension-1: il, @) D, (ad) (b) 
Comprehension-2: 1. (©) 2. (b) 3. (b) 
Comprehension-3: 1. (c) 2. @) 3. (ce) 
Comprehension-4: 1. (b) D, (ad) 
Comprehension-5: il, @) 2. (b) 
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EXERCISE (4) 


Match the Columns: 


2 2 2 2 
1. Let the foci of the hyperbola x __Y ~1hbe the vertices of the ellipse xX 42 ~1and the foci 
Le B a> -b* 


of the ellipse be the vertices of the hyperbola. Let the eccentricities of the ellipse and hyperbola 
be e; and e, respectively. 


b (p) 1 
(a5 
(b) | e; + e5 can not be equal to (q) 2 
(c) | If the angle between the asymptotes of the hyperbola is = , then 2e, <| (r) 3 
(d) | Ife, = - and (x, y) is point of intersection of ellipse and hyperbola, (s) 4 

2 
2 
then ~~ = 
i 


2. Match the column: 


(a) | The angle between asymptotes of the hyperbola (p) 2 
5x7 —27 xy —y- —2x +1=0is jo then k= 


2 2 
(b) | Portion of asymptotes of the hyperbola * = = 1 between] (q) 3 
a 


centre and the tangent at vertex in first quadrant is cut by line 
y + tan@(x — a) =0, where 0 = /k, then k can be equal to 


a 
(c) | Let the double ordinate P P’ of the hyperbola x? — a =1cut the} (r) 4 


asymptotes in Q and Q' lies on same side of x-axis as that of P and 
P’ respectively then | PQ ||PQ'|= 
(d) | If the tangent and normal to hyperbola x? — y” = 4 ata point cut] (s) 6 


off intercepts (a, ,0), (az,0) on the x-axis and (0,b, ), (0,b,) on 
the y-axis respectively then the value of a,a5 + b,b» 


(t) 0 
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3. The tangent to a curve at a point P(x, y) meets the x-axis at T and y-axis at S while the normal 
at P meets the x-axis at N and y-axis at M,O is the origin. Match the locus of point P satisfying 
the condition in column-I to the curve given in column-II: 


(a) | TP =PS (p) | Straight line 
(b) | NM =NP (q) | Circle 

(c) | TP =OP (r) Ellipse 

(d) | NP =OP (s) Hyperbola 


4. Match the column: 


(a) | If eccentricity of conjugate hyperbola of the given hyperbola} (p)| 8 
=D? +(y-2)? -x-9)? +(y-5)? 


=3 


is e' then value of 8e’ is 


(b) y 


2 
If area of the ellipse = aap inscribed in a square of side 
b 


length 5/2 is A then zs equal to 
™ 


(c) | Any chord of the conic x* + y? +xy =1 passing through) (1) | 10 
origin is bisected at a point (p,q) then (p + q+ 12) equals 
(d) | Length of the shortest chord of the parabola y* =4x +8] (s) | 7 
which belong to the family of lines 
(1+A)y+(—-Dx+2(1-A) =O, is 


(t) 9 


PANS WERS| 


1. a>p; b p,q; c>p,q,r,s; ds 2. a>q; b>q,1r,s;c>rd->t 


3. aos; b>r;c4p,s;d—>4q,s 4. a>r,b>4q;c7q;d>p 
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EXERCISE (5) 


Subjective Problems 


1. The graphs of x7 + y* +6x-24y +72=0 and x? -y?+6x+16y-—46=0, intersect at 4 
points. Compute the sum of distances of the 4 points from point (-3,2). 
2. The tangents to hyperbola x* —9y” =9 are drawn from point (3,2), then the area of triangle 


that these tangents form with their chord of contact is: 


2 


2 
3. A transversal cut the same branch of a hyperbola = - - =1in P,P’ and the asymptotes in 
a 


Q,Q', then find (PQ + PQ’) -(P'Q'+P'Q): 
4. If two points P and Q on the hyperbola 9x? —5y* =1 whose centre is C be such that CP is 
1 


CQ2- 


perpendicular to CQ, then find am + 
che 


2 2 
5. A normal to the hyperbola = - ~ = 1, has equal intercepts on positive x and y-axes. If this 


2 2 
normal touches the ellipse aie ae 1, then find ts “67% 
az b2 25 
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EXERCISE (6) 


. (A) The curve described parametrically by, x =t? +t +1, y =t? —t +1represents: 


(a) a parabola (b) an ellipse 
(c) a hyperbola (d) a pair of straight lines 
(B) Let P (asec8, btan0) and Q (asec, btano), where 0+ 6 =F be two points on the 


2 


2 
hyperbola a - a = 1. If (h, k) is the point of intersection of the normals at P and Q, then 
a b 


k is equal to: 


2 2 2 2 2 2 2 2 
(a a“ +b (b) {: +b © a“ +b (d) {! +b 
a a b b 


(C) If x =9 is the chord of contact of the hyperbola x* — y? =9, then the equation of the 


corresponding pair of tangents, is: [IIT-JEE 1999] 
(a) 9x? -8y7 +18x-9=0 (b) 9x7 -8y? -18x+9=0 
(c) 9x? -8y? -18x-9 =0 (d) 9x7 -8y74+18x+9=0 


. The equation of the common tangent to the curve y? =8x and xy =-lis: 


[IIT-JEE (Screening ) 2002] 


(a) 3y=9x+2 (b) y=2x4+1 (c) 2y=x+8 (d) y=x+2 
2 
. Given the family of hyperbolas az =1fora ¢ (0, 1/2) which of the following does 
cos“a sin“ a 
not change with varying a? [IIT-JEE (screening) 2003] 
(a) abscissa of foci (b) eccentricity 
(c) equations of directrices (d) abscissa of vertices 


. The line 2x + J6y =2 is a tangent to the curve x? —2y* = 4. The point of contact is: 


[IIT-JEE (Screening) 2004] 
(a) (4,-6) (b) (7,-2V6) (c) (2,3) (d) (V6, 


2 
. Tangents are drawn from any point on the hyperbola = - ra =1to the circle x? + y? =9. 


Find the locus of mid-point of the chord of contact. [IIT-JEE (Mains) 2005] 


2 see 


. If a hyperbola passes through the focus of the ellipse = +=+—=1 and its transverse and 


16 
conjugate axis coincides with the major and minor axis of the ellipse, and product of their 
eccentricities is 1, then: [IIT-JEE 2006] 
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: x? ¥* 7 : ae 7 
(a) equation of hyperbola is aa 1 (b) equation of hyperbola is oe 1 


(c) focus of hyperbola is (5,0) (d) focus of hyperbola is (5V3 ,0) 


7. Comprehension: (3 questions) 


Let ABCD be a square of side length 2 units. C, is the circle through vertices 
A, B, C, D and C, is the circle touching all the sides of the square ABCD. Lisa 
line through A. [IIT-JEE 2006] 


Eee + PB? + PC? + Pp? 
OA" OR 0c -40p" 
(a) 0.75 (b) 1.25 (c) 1 (d) 0.5 
(B) A circle touches the line L and the circle C, externally such that both the circles are on the same 
side of the line, then the locus of centre of the circle is: 
(a) ellipse (b) hyperbola 
(c) parabola (d) parts of straight line 


(C) A line M through A is drawn parallel to BD. Point S moves such that its distances from the line 


BD and the vertex A are equal. If locus of S cuts M at T, and T3; and AC at T,, then area of 
ANAT; is: 


(A) IfP isa point onC, and Q in another point onC,, then 


is equal to: 


(a) 1/2 sq. units (b) 2/3 sq. units (c) 1 sq. units (d) 2 sq. units 
8. (A) A hyperbola, having the transverse axis of length 2sin0, is confocal with the ellipse 
3x7 + 4y? =12.Then its equation is: [IIT-JEE 2007] 
(a) x7cosec 70 — y* sec? 0=1 (b) x? sec? 0 — y*cosec 0 =1 
(c) x? sin? 0 — y? cos? 0 =1 (d) x? cos*6- y” sin? 0=1 


(B) Match the statements in Column-I with the properties in Column-II. [IIT-JEE 2007] 
(a) |Two intersecting circles (p) |have a common tangent 
(b) |Two mutually external circles (q) |have a common normal 
(c) |Two circles, one strictly inside the other ((r) do not have a common tangent 


(d) |Two branches of a hyperbola (s) |do not have a common normal 


9. (A) Let a and b  be- non-zero’ real numbers. Then, the equation 
(ax*+ by?+c)(x?—5xy + 6y*) =0 represents 
(a) four straight lines, when c =0 and a, bare of the same sign. 
(b) two straight lines and a circle, when a = b, and c is of sign opposite to that of a. 
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(c) two straight lines and a hyperbola, when a and bare of the same sign and c is of sign 
opposite to that of a. 


(d) acircle and an ellipse, when a and bare of the same sign and c is of sign opposite to 


that of a. 


(B) Consider a branch of the hyperbola, x* —2y? —2/2x — 4/2y —6 =0 with vertex at the 


point A. Let B be one of the end points of its latus rectum. If C is the focus of the hyperbola 
nearest to the point A, then the area of the triangle ABC is: [IIT-JEE 2008] 


2 
(a) 1 


3 
(b) fia 


2 3 
(c) fe (d) foot 


10. Match the conics in Column-I with the statements/expressions in Column-II. 


(b) 


(c) 


(d) 


Circle 


Parabola 


Ellipse 


Hyperbola 


(q) 


(t) 


[IIT-JEE 2009] 


The locus of the point (h,k) for which the line 
hx + ky =1 touches the circle x? + y? =4 


Points z in the complex plane satisfying 
|2+2|-|z -2|=+3 


Points of the conic have parametric representation 


Ae 
«=f? t }y- 2t 


It dine 


The eccentricity of the conic lies in the interval 
1< x <Llo 


Points z in the complex plane satisfying 
Re(z + 1) =|2|7+1 


11. An ellipse intersects the hyperbola 2x* —2y* =1orthogonally. The eccentricity of the ellipse is 


reciprocal of that of the hyperbola. If the axes of the ellipse are along the coordinate axes, then: 


(a) Equation of ellipse is x? +2y7 =2 


(c) Equation of ellipse is x? +2y? =4 


Paragraph for Questions 12 to 13 


[IIT-JEE 2009] 
(b) The foci of ellipse are (+1, 0) 


(d) The foci of ellipse are (+ 2 ,0) 


2 2 
The circle x? + y* — 8x =0 and hyperbola = - os = Lintersect at the points A 


and B. 


[IIT-JEE 2010] 
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12. 


13. 


14. 


15. 


16. 


17. 


Equation of a common tangent with positive slope to the circle as well as to the hyperbola is: 
(a) 2x-V/5y -20 =0 (b) 2x-V5y+4=0 
(c) 3x-4y+8=0 (d) 4x-3y+4=0 
Equation of the circle with AB as its diameter is: 
(a) x? + y* -12x+24=0 (b) x7 4+ y*+412x+24=0 
(c) x? +y7 +24x-12=Q (d) Xt? -24x-12=0 
2 2 


The line2x + y =1is tangent to the hyperbola ~~ - = = 1. If this line passes through the point 
a b 


of intersection of the nearest directrix and the x-axis, then the eccentricity of the hyperbola is: 


[IIT-JEE 2010] 
Let P(6,3) be a point on the hyperbola "A - a = 1. If the normal at the point P intersects the 
x-axis at (9,0), then the eccentricity of Phe hyperbola is: [IIT-JEE 2011] 
(a) fe (b) re (c) V2 (d) V3 


2 


2 
Let the eccentricity of the hyperbola ~-4 51 be reciprocal to that of the ellipse 
a 


x? +4y? =4.If the hyperbola passes through a focus of the ellipse, then: [IIT-JEE 2011] 


2 2 
(a) the equation of the hyperbola is = a 


os) 
2 

(b) a focus of the hyperbola is (2, 0) 

(c) th eccentricity of the hyperbola is fe 


(d) the equation of the hyperbola is x? —3y? = 


2 2 
Tangents are drawn to the hyperbola = - 7 = 1, parallel to the straight line 2x — y =1. The 
points of contact of the tangents on the hyperbola are: [IIT-JEE 2012] 
@ [5+] ® (-35.-+) 
22’ V2 a2’ V2 


(3/3, -2/2) (d) (-3V3, 22) 
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FANSWERS) 
(A) a; (B) d;(C)b 2. d 3. a 4. a 
oe y2 : sed y? . . 
9 ri 9 6. a,c 7. (A) a; (B)c; (G)c 
(A) a; (B) (a) p, q; (b) p, g; (c) g, 1; (d)q,r 9. (A) b; (B) b 
am (b) > s, t; ©) Susi) q,s 11. a,b 12. b 
a 14. 2 15. b 16. b,d 
a, b 


Hyperbola 
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SOLUTIONS (1) 


Oniy One Choice is Correct: 
1. (a) 
(x — V2) (x -D (x + V2) =(x? -2)(x-)) 
=x3 —x* -2x+2 
a+B+y=-1-24+2=-1 


2. (a) Point of hyperbola (2) lie on 
director circle x7 + y? =a* +b? of 
ellipse 


=> a*+b? =<2(12 +h 2c* which is 
(e 


impossible 
a? + b* Agere =2c7 
(Ce b<a<c) 
: _ xh yk 
3. (a) Equation of tangent at P is — —-—— =1 
a> 6° 


k 2 
Put x -(1 + ls in equation 


b2) h 


~2ka* 
272 
=s 2 + : b*h 
¥1 Y2 a*t-—a*h? 
h2 
2kam 2k 
b2 2_ 72 2 
(a ) b21 41 h 
az 
2k 2 


4. (b) Equation of tangent to hyperbola is 


y =mxtva’m? —b? 
It touches parabola also 


Equation of tangent to parabola. 


= 


(at2, 2a 
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b* 2 
Clearly —+#1,m“>1 
az 


=> me(-%,-1) U(1,) 
and m2 4 (1+ V5)/2 
5. (ce) (SP) (S2P) 


a a 
=e] asec0 —— Je] asec0+ — 
e e 
P(a secé,b tané) | 


-a7(e sec? 0 -1) 
=a7(2sec* 6-1) 
=a7(sec* 6 + tan? 0) 
=a? sec? 6 + b” tan” 6 
=QP? 

6. (a) 


- 


y=-A(x +a) 

cut the segment OP if 
Ar<0>1>0 
st 


[2 
7.(c) r?=+4+k? = 
(re =F A 


ae 
= x? -y? = Le 


8. (c) 


9 =16(e2 -)=> ey =: 


F, Fy =(+5,0)) 
16 =19(e2 —D>e- => 
F3,F, =(0,+5) 
Area of F,F3F5F, = : x 10 x 10 =50 


9. (d) (x — 4)? —4(y +2)? =4 


(x -4)* 
4 
(x,y) =(4 + 2sec 0, —2 + tan 8) 


—(y +2)? =1 
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10. (c) Obvious a? —-B* =R? =-a24@ =5)) 
2 2 
11, (b) 7+ = 5: | 
1 cos*a 
cos*a +1=e? 
2 2 
a 
cos*q 1 


1(1- e3) =cos* a= e§ =sin* a 
ed =3e => cos*a +1 

1 

=3 -3cos* a = cos* a => 


1 
=> cosa =—— 


2 


12. (d) Equation of tangent is 


(ct.¥) | 


| 


hx + xy =h? +k? (1) 


Also tangent at P is 


at yt =2c sul?) 
(1) and (2) are identical 
2 2 
Be nok ah +k 
t 2c 
h?+k? ck a 
= = dx x 
2h h* +k? 
| =. 
mee 2)? = 4.2m => In(xy)=c 
, ; : => Put(2,4);c=ln8 
13. Oe) = xy =8 
a? pe e B- 


a? +b* =4R* =a7(2 =¢7) 
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15. (b) Tangent at 6 is 
xsech ytand _ 
a b 


1 


Tangent at S —q is 


xcosech ycotd _ 
a b 


(1) xcosec ) — (2) x sec b 


1 


: i oe 1 
b\singd cosd) sind cosd 
=> y=b 
16. (b) 


F, =(5,0) 

Circle can be drawn touching 
hyperbola at point A or B only 
Radius =2 


v3 1 


17. (d) Put ( = ; ;| to equation of hyperbola 


(2-1 
4a? 4b2 


=> 
7 - + ->0 

[/4a* 4b 

b? y} 2 
=> >—->e l= S>e*7> = 

2, 

a 
= 2 = 

A 


18. (a) equation of tangent is 
xsecQ@ ytanO © 


AOAB =|2 


Solving point of intersection of 
tangent with asymptotes we get, 


A=a(sec 0+ tan), b(sec 9 + tan) 
B =a(sec 0 — tan), — b(sec 0 — tan @) 


Area of 


0 0 1 
a(secO+tan0) b(secO+tan0) 1 
a(sec8—tan0) -—b(sec@—tan@) 1 


=ab 

=ab=a" tank 
2 

s =tan* A 

Pe 

ge? =1=tar fs 


e=secr 


Hyperbola 


19. (a) Equation of AB is 


(h,k) 
A 
x + a =2 
h k 
m a =-mx 
h y 
20. (a) Equation of chord whose mid-point is 

(h, k) is 


(h,k) 


xk + yh _ ee 
2 
Bi -9 
h_ k 
Put y= 21 AF Yo 
2 2 
> oe) 
X1+X2 YitYa 


21. (b) Equation of PQ 


Q(ct', Cit’) 


| 


P(at?, 2at) 
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yt —x =at? (1) 
wt yt! =2e a2) 
(1) and (2) are identical 
, ot ae 
> —-t =-=— 
t' 2c 
4 
=> act)" _ ys 
2c 
=> ct’)? __ 2c 


=> Only one real value of t’ exist. 
22. (b) Slope of normal at A 
_ =” 42 
dy 2 
d& 


Slope of chord AB 
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SOLUTIONS (2) 


2 2 
é x 
) ;SouMoreihanlOncisareicencel ‘. (1) is tangent to a. 


67) Ga*) 


1. (b, c, d) ° 7 


Equation of normal at [, — 
a 


=> a*m*—b? =—b*m2 -(-a?) 


=>m*=1 
Equation of common tangents are 
y =+x+Va? —b? 


3. (a, b) 


eo. . ; 
y =— is decreasing function 
e 3 x 


x x 
2 3 xy 


3e 
ce 
a L 
43. => 
Xo e 
A 
=> (slope of OP) (slope of QQ) => slope = “3B <0 
JY1 || Y2 9 9 81 A 
= 7 = >0. = 
[24)(22] Coe cape ae he 
2. (a, b, c, d) => A>0,B>0or A<0,B<0 


4 x? iy 4. (a, b, c, d) 
Equation of tangent of —- --— =1 ; 
az p2 Equation of normal at P 


y =mx + Va*m* —b? (1) ar oe ew | 


sec@ tand 7 


Hyperbola 


P (2 sec 0, 2tan 0) 


xX 


=> Q=(4sec8, 0), R=(0, 4tan@) 


-- OP =PQ =PR =2vsec” 0+ tan’ 6 
QR =4 sec” 0 + tan’ 6 


5. (b, d) 
2 2 
= y =1;3=9(e* -1) 
9 3 
=\e=4 
V3 
Equation of pair of asymptotes is 
2 2 
com jel x 
9 3 af 


= Angle between asymptotes =3 


2 
Tength of L. RM =2 
a 


Product of perpendicular distance of 
any point P(3sec0, V3tan@) from 


asymptotes 
|3 sec 6 — 3 tan 6| |3sec 0 + 3tan6| 
le oe 
2 2 
_ 
4 
6. (b, c) 
In A AOB, 


OA =2 =OB = AB 
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Area of A AOB = (2)? = 3 


(2) -(2) (2) -@-3) = 


(c) x? ie =(e' ae -(et —et 2 -4 


(d) x? —6 =2cost 
=> y? +2 =2(1+ cost) 
= x*-6=y? 
> x? —y? =6 
8. (b, d) 
[2xdx = [ 3yay 
i a 
c  (2c/3) 
Ife<0, c= = 4 
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9. (a, b, c, d) 


2 2 


For ellipse Aa 4 
16 7 


2 ¥" 


. =1 
(144/25) (81/25) 
16 -7 =16e? 


144 81 144 2» 
=—"* ff 


and hyperbola 


and 


Dom 25 25 


Foci =(+3,0) 
For point of intersection of hyperbola and 
ellipse 


\aaee: 
144 63 9 
E. Vas 
144 81 25 
of 1 1 1 1 16 
Sy + = = 
63 «81 9 25 9x25 
2f 9+7 = 16 
- 81x7) 9x25 
= yaa 37 
5 
x2 = 1 63 _ 16x16, 
25%7 25 
een” 
5 
Point of intersection =| + no sate gue 
5 5 
: | 
Equation of asymptote y =+ a x 


Sum of square of coordinates of 
p 200 + 144 -16 
25 


x? 4+ y7=16 =a’? 


=> P lies on auxiliary circle. 
10. (a, b, d) 


d 
ee mer ie 


=> -In|y-al= in|1 x?|— Iles 
=> (y- Qe ec |i> x*| 


(y -a)? M2 


=1 
c2 
_y2 
c2 
11. (b, c) 
Equation of chord AB is 


a 2 b 


Put (+ ae,0) in above equation 


A (asec a, b tan a) | 


(ae,0) 


B (a sec B, b tan B) 


e  -e 
=—or 
a-p 1 1 


cos 


Applying componendo and dividendo, 
B l-e re l+e 
2 I+e l-e 


or 
tan — tan 
2 
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SOLUTIONS (3) 
ne 
Comprehension: (1) 3.8 V2) + =1 
1.(d) 2.(a) 3.(b) x, . _ 
2 2 Gyo 6 
ae + _- =1 
36 618 iF - —_ 7 
1 1.(c) 2.(b) 3. (b) 
= ~ J2 Portion of tangent to hyperbola 


Eccentricity of hyperbola, e’ = /2 


= Hyperbola is rectangular with 


coordinate axes as principal axes 
drawn in 1tand 3" quadrant 


=> Equation of hyperbola is xy = c? 
Hyperbola to ellipse 


(3.23/4, 3.23/4) | 
ae 


[3(2)34,3( 3(21/4) 


36 18x? 
~36x7 +2c* =0 
= ).=0 
=> (36)? - 
Hyperbola is xy =9/2 


=> xt 


4=0>5c7=9V2 


Equation of common tangent to ellipse 
and hyperbola is 


intercepted between asymptotes is 


bisected at its point of contact. 


= PA=PB seo 


> Aq[1+9.8(-5)a+3s8(5)| 


A=(-2,4) 
eficssl-S)otal geen 
B=(4,-2) 


Equation of asymptotes of H are 
y= 5 x and y =—2x (The equations 
are OA and OB) 
Equation of pair of asymptotes of H is 
(2y + x)(y + 2x) =0 

=> 2x? +5xy +2y? 7 
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Equation of hyperbola ‘H’ is 


ax? +5xy +2y7 =C 
(1,D lies on H > c=9 
Equation of H is 2x? + 5xy +2y” =9 


Equation of tangent to H at [-1 2) is 


5 7 
2x (=1) + 5 2) + y( »| 


7 
+2y| —|=9 
4 


=> 3x+2y=4 
Equation of wrt. y=x as x-axis and 
y=-xas y-anf fe -y 
cue V2 


2 e—geey) 
Dy 


2 
x4 y 


>, 
2(e* -1) =18 > e=V10 
Foot of directrices are 
O+ v2 1 ,O+ 2 
410-42 b,  ) 


1 1 1 1 
(5 */10 { v10° 10 
Equation of directrices are 


x+y= 


2 2 
—,x+y=-— 
V10 V10 


Equation of pair of directrices is 


order ds) 


2 2 4 2 

x + + 2xy =—- == 

fi ne 10 5 
5x? +5y? + 10xy -2=0 


( omprehension: (3) 


1.(c) 2. (a) 3. (co) 


a+b? 
(02 tan9| 
P (a sec, b tané) 


SS seo0,0| 


ax , by 
secd tand 
no= 1 


= a2+b2 


2 
) i OD 
PG? (' (a 2 ) sec? @ + b* tan? 6 
a 


4 
=> PG? =? sec? 0 +b? tan” 0 
a 


2 
=? sec? 9 + a? tan? 6) 
a 


2 
PG? = Ay? sec? 0+ a? tan 0) 
a 


PF? =C9* = : 5 
sec Q | tan 0 
a” i 
a” BN 
a” tan? 6 + b? sec? 6 
see a2b2 


b? sec” 6 + a7 tan” 0 
Equation of circle ‘S’ with FG as 
diameter is 
S:x(x — ae? sec 0) Pe ca =0 
| PF|| PG| = | Power of P w.rt. circle ‘S’| 


=|a” sec* 0(1- e”) + b* tan? 6] 


Hyperbola 
|b*(tan? 0 —sec* 6) |=b? 


| PF| | PG|=b? 


Comprehension: (4) 
1.(b) 2. (a) 


2 
x? -ax+[ 5 -a}e-0 
9 
=> 13x7-7x-36=0 


=> (13x +6)(x—-6) =0 
=> A=(6,2V3),B =(6,-2V3) 


2 2 
Let tangent to * oo” athe 
9 4 


y=mx+ 9m? -4 (1) 
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(1) is tangent to circle 


4m +V9m? —4 
> =4 
v¥1+m? 
=> 16m? +(9m? -4)+8V9m? -4 


=16+16m?2 
=> 495m* +104m2 — 400 =0 


2 104 + (104) +1600(495) 
2(495) 


> ma- > m= 


1. (b) Equation of tangent is 
v5 5 
— V5 y=2x+4 
2. (a) Equation of circle is 


(x — 6)? +(y + 2V3)(y -2v3) =0 


= x? + y*-12x+4=0 
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SOLUTIONS (4) 
Match the Columns: — 
oe ae LO} 
a” b 


1.a—p; b-p,q;c-p,q,r,s; d-s 
Solving (1) and (2), we get 


‘ 1 1 1 1 
XG + - + 
a7B* A7b?) B? bf 


ae - ) 1 £6 
y a2B2 A2b2 A? fe 


X- (Ge + BeyA7a2 


=3 = 
A=ae, y? A? Bb? 
pam b?+B2=2(a2-A?) ; B=b 
=> Aa=daAe,e, 1 
=> e€@,=1 , and e, = 2 
b* =a* -a*e? =a? - A? a 
= =— 
B= A202 - A? =a? -A? V2 
=> b=B => a?=2A? 
1 x? 2A7@ag)  4A* 
ey + €9 = G4 +—>2 ns = = 
ey y? Be B4 
e, #1 _ 4 _ 
Angle between asymptotes (es -¢ 
=2tan 2 Xe 
3 => —~=4 
2 
B af 
= ra 2.a-—q;b-q, r,s; c-r; d-t 


(a) Equation of pair of asymptotes is 


=> es -1=3>e, =2 
5x? ~2/7 xy — y? x +C =0 


1 
= ey =—_ 
~ tan 0 = 2y7—5(-D. = V3 
For point of intersection of ellipse and aol 
hyperbola. = 7 - 
2 2 
anne | me 


Hyperbola 


(b) From fig. it is clear that 0 e(o, 4 


(a,0) 


| # 


(c)| PQ || PQ'|=2 (sec 6 — tan 6) 
2 (sec 6 + tan 0) 


oe 


P(sec0, 2tan@) 


Qs 
.e) 

& 
oo 


P'(sec0,—2tané) 


| Q'(sec0,—2sec0) 


(d) Equation of tangent is 
xsec 8 — ytan0 =2 


a, =2cos0, b; =—2cotd 


Equation of normal is 
x, YL 

sec@ tan0O 

dy =4sec0, by =4tan0 

aya + by bs =8 -8 =0 
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3.a>s; b>r; c>p,s; d-q,s 


dy k 
“®t 
dx Jon gy A 


T (2h,0) 


=) 
dx x 
=> In(xy)=c 
— xy =i => Hyperbola 


Oy 7+ —=1 => Ellipse 
2, 
(c) (TP)? =y? +| 
dy 
e 
2 
> yrs se? 5 
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> xy =r or y=hx 


=> hyperbola or straight line ee 


2 
(d) x24 y2=y2 (rZ) = hyperbola or circle 


Hyperbola 
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Subjective Problems 


1. (40) (x +3)? +(y -12)? =81 
(x +3)* -(y-8)* =-9 


(Xa, ¥1) (X1, Y1) | 


(Xa, Ya) (x1, Ya) 


| 


Let (h, k) be intersection point, then 


(h+3)? +(k-12)? =81 ...(1) 
(h+ Sim —(k -—8)7 =-9 ...(2) 
(1) + (2) 
=> 2h? +12h-8k+26=0 
h* +6h-4k+13 =0 80) 
(1) -(2) 


=> 2k? —~40k+118=0 
k? -20k +59 =0 


Y1 
=> y?-20k+59=07,, (4) 


Yi + Y2 =20, y, >0, yo >0 
Distance of (h,k) from (—3, 2) 


d=,(h+3)2 +(k-2)? =k 


Sum of distances of all intersection 
points 


=2(y1 + ¥2) =2(20) = 40 


2. (8)Equation of tangent through P is 
y=mx+ 9m? -1 : 
Put (3,2) in (*) we get, 
9m? +4-12m =9m?2 -1; 


Equation of PB is 


5x -12y+9=0 (1) 
Let B is (h,k), then 
Eqn. of PB is 
xh-9yk-0 =0 ...(2) 
(1) and (2) are identical 
LY 
5 12 


12 
h,k) =| -5,5=—- 
(h,k) ( , 4 


Area of A PAB = x2x(8) 


3. (0) Equation of pair of asymptotes is 


2 
x? i 


ae 
For intersection points of transversal 


and pair of asymptotes 


x? (mx +c)? 1 
ad EO ~ x ae) 
a b 2 
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For intersection points of transversal 
and hyperbola, 


= Les (2) 


xy + X9 =H=X3 + X4 


Yi t+¥2=¥3+ V4 


4. (4) 


Midpoints of PP’ and QQ’ are same 
(say R) 
RQ =RQ' (1) 
RP =RP' ...(2) 
() -(2) > PQ =PQ' 
PQ +PP'=P'Q'+PP' 


P'Q =PQ' 
(PQ - P'Q')+(PQ'+ P'Q) =0 
1 i. Neel 


cp? cq? “em r? 


P lies on 9x? —5y? =1 


[rocos(8+90°), 
(rosin(8+90°)] 


Q 


> Or? cos* 0 =a sin? @=1 


= + 9c0s?9-Ssin26 
2 
ry 
Q lies on 9x* —5y? =1 
= 607s sin” @—5rs cos” 0 =1 


= + =9sin? 0 -5cos”0 


1) 
: + 4 =9-5=4 
ry ry 


2x _, 7. 
secO tand 
sige -1 = 2tanO 
sec 0 

> 0= Ld 

6 
normal becomes y =—x + aoe 
ft 


Itis tangent toellipse> a? +b? = 


OD 9D 
— —— + b*) =3 
a ) 


P(r,cos6, r,sin®) 


5. (3) Equation of normal at (2 sec 6,tan) is 


25 
3 


Unacademyplusdiscounts 


We are having the best collection of books. 


) @unacademyplusdiscounts_link 


. ° e ° ° ° e ° e ° e ° ° ° e ° e ° ° ° ° ° e ° e ° e ° e ° e 
. ° . ° . ° . ° . ° . ° ° ° . e . ° . ° ° ° . . ° ° . ° . ° . 
e ° e ° e ° e . ° ° e ° ° ° e ° . ° . ° e ° e ° e ° e ° e ° e 
. ° . . . ° . ° . ° ° ° ° ° ° ° . ° . ° . ° . ° . ° . ° ° ° . 
e ° e ° e ° . ° . ° . ° . °, . ° ry ° . ° ry ° . ° e ° . ° e ° . 
. ° . ° . ° ° ° ° ° ° ° . ° . ° . ° ° ° ° ° . ° . ° . ° . ° ° 
e ° e ° e ° e ° e ° e ° . ° e . e ° e ° e ° e ° ° ° e ° e ° e 
° . ° ° . . ° ° ° ° ° ° . ° ° ° . ° . ° ° ° . ° . . . ° . . . 
e e 
e e 
. ° . ° e ° e ° e of e ° e ° ° ° ry ° e ° e ° e o™™ ° . ° e ° . 
. ° . ° . ° . ° ° ° . ° ° ° . ° . ° . ° . ° . ° . ° . e . ° . 


° . 

° . 
° ° ° ° . ° ° ° . ° . ° ° ° ° ° . ° . ° . ° . ° ° ° . ° ° ° ° 
. ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . 
. ° . ° . ° . ° ° ° . ° ° ° ° ° ° ° . ° . ° ° ° . ° ° ° . ° . 
. ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . 
. ° ° ° . ° . ° ° ° . ° . ° . ° ° ° . ° . ° . ° ° ° . ° ° ° . 
. ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . 
° ° ° ° ° ° ° ° ° ° ° ° ° ° . ° ° ° ° ° ° ° ° ° ° ° . ° ° ° ° 
. ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . 
. ° . ° ° ° . ° . ° ° ° . ° . ° ° ° ° ° ° ° ° ° ° ° . ° . ° . 
. ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . ° . 
° ° ° ° . ° ° ° . ° ° ° ° ° ° ° . ° ° ° ° ° ° ° ° ° . ° . ° ° 


